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INTRODUCTION 


The  anti-cancer  drug  doxorubicin  (adriamycin)  causes  severe  adverse  effects  at  high  doses 
and  loses  its  efficacy  against  multidrug  resistant  tumors  including  breast  cancer.  Potentially  fatal 
cardiotoxicity  can  develop  in  patients  when  the  cumulative  dose  of  the  drug  exceeds  450  mg/m^. 
For  optimum  use  of  doxorubicin  it  is  necessary  to  overcome  multidrug  resistance  of  tumor  with 
simultaneous  protection  against  cardiotoxicity.  Cardiotoxicity  may  result  from  the  tendency  of 
doxorubicin  and  its  metabolites  to  accumulate  in  the  heart  and  trigger  free  radical  mediated 
injury  (1-3).  At  present,  R-verapamil,  tamoxifen,  raloxifene,  toremifene  and  dipyridamole  are 
being  considered  as  chemosensitizers  for  reversing  tumor  resistance  to  doxorubicin.  It  is 
important  to  identify  and  avoid  conditions  under  which  they  preferentially  sensitize  the  tumor 
without  subjecting  the  heart  to  the  deleterious  effects.  Free  radicals  are  known  to  induce 
apoptosis.  If  free  radicals  are  the  cause  of  cardiotoxicity,  then  R-verapamil,  tamoxifen, 
toremifene,  raloxifene  and  dipyridamole  should  protect  the  heart  by  virtue  of  their  anti- 
peroxidant  action.  If  apoptosis  is  the  cause  of  cardiac  injury  then  the  alleged  anti-apoptotic 
aetion  of  these  chemicals  should  be  beneficial  to  the  heart.  If  cardiotoxicity  is  the  result  of 
altered  kinetics  and  metabolism  of  doxorubicin  to  the  more  toxic  doxorubicinol,  then  certain 
metabolic  inhibitors  would  afford  protection.  Apoptosis  in  the  tumor  is  desirable,  whereas 
apoptosis  in  the  heart  is  detrimental.  Methods  for  decreasing  the  free  radical  burden  in  the  heart 
and  preventing  the  accumulation  of  doxorubicin  and  its  metabolites  in  the  heart  may  improve  the 
clinical  usefulness  of  doxorubicin.  This  may  be  achievable  because  the  antitumor  action  of 
doxorubicin  may  occur  through  inhibition  of  DNA  topoisomerase  with  minimal  involvement  of 
free  radicals.  The  mechanisms  involved  in  the  actions  of  these  pharmacologically  diverse 
compounds  may  hold  valuable  clues  for  improved  eancer  therapy  and  protection  against 
cardiotoxicity.  The  specific  aims  of  the  project  are: 

#1:  To  determine  if  R-verapamil,  tamoxifen,  toremifene,  raloxifene  and  dipyridamole  alter  the 
metabolic  and  pharmacokinetic  profiles  of  doxorubicin  in  athymic  nude  mice  with  multidrug 
resistant  MCF-7  human  tumor  xenografts.  High  pressure  liquid  chromatography  (HPLC)  will  be 
utilized  to  measure  the  concentration  of  doxorubicin,  doxorubicinol  and  the  chemomodulator  in 
blood,  tumor,  heart,  kidneys  and  liver  of  mice.  The  extent  of  lipid  peroxidation  and  the 
concentration  of  reduced  glutathione  will  be  determined  in  heart  and  liver  tissue  by  standard 
biochemical  assays. 

#2;  To  determine  if  R-verapamil,  tamoxifen,  toremifene,  raloxifene  and  dipyridamole  have 
differential  effects  on  programmed  cell  death  (apoptosis)  in  cardiac  tissue  compared  to  the 
tumor.  The  extent  of  apoptosis  in  heart  tissue  and  tumor  will  be  assayed  in  situ  by  histological 
methods  and  by  DNA  laddering  assays  in  order  to  correlate  cardiac  damage  with  extent  of 
apoptosis. 

#3:  To  apply  the  electron  spin  resonance  (ESR)  technique  of  spin  trapping  to  compare  the 
influence  of  R-  and  S-verapamil  on  doxorubicin-induced  free  radical  formation  in  vitro  and  in 
vivo.  Alpha-(2,4,6-trimethoxyphenyl)  N-tert-butylnitrone  (TMeOPBN)  will  be  administered  to 
mice  for  in  vivo  studies  and  TMeOPBN  and  5,5-dimethylpyrroline  N-oxide  (DMPO)  will  be 
used  for  in  vitro  experiments  with  cardiac  microsomes  and  mitochondria  isolated  from  animals 
in  the  different  treatment  groups.  The  long  term  goal  is  to  find  safer  methods  of  treating 
multidrug  resistant  advanced  breast  cancer  with  doxorubicin  while  preventing  cardiotoxic  side 
effects  of  treatment. 
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There  are  several  reports  that  the  MCF-7/ADR  cell  line  used  at  many  research  centers  for 
investigating  doxorubicin  resistance  in  human  breast  tumor  cells  is  not  genetically  related  to  its 
presumed  parental  cell  line  MCF-7  ( 4-6  ).  Multidrug  resistant  breast  cancer  cell  lines  whose 
pedigree  can  be  reliably  traced  to  their  parental  cell  lines  have  been  obtained  by  researchers  in 
other  laboratories  by  transfection  of  the  appropriate  genes  for  drug  resistance.  Matched 
sensitive  (wild  type)  and  its  multidrug  resistant  variant  are  now  available  to  us  from  reliable 
sources  such  as  Georgetown  University  and  the  National  Cancer  Institute.  We  have  to  repeat 
many  of  the  experiments  that  were  carried  out  earlier  with  MCF-7/ADR,  using  these  matched 
pairs  of  breast  cancer  cell  lines  of  varying  drug  sensitivities.  Our  attempts  to  produce  multidrug 
resistant  MCF-7  cells  by  serial  exposures  to  graded  concentrations  of  doxorubicin  failed  to 
yield  stable  drug  resistant  mutants.  Therefore  we  have  depended  on  the  cell  lines  developed  in 
Georgetown  University  by  Dr.  Robert  Clarke  (specifically  MDA  435/LCC6  and  its  multidrug 
resistant  derivative  MDA  435/LCC6MR1)  and  by  Dr.  Michael  Gottesman  of  the  National 
Cancer  Institute,  National  Institutes  for  Health  (  MCF-7  and  MCF-7  MDR  clone  10.3,  which 
has  been  transduced  with  MDRl). 

The  HPLC  techniques  have  been  developed  and  the  necessary  quality  control  measures  have 
been  established.  These  will  be  directly  applicable  to  pharmacokinetic  studies.  A  standard 
curve  was  generated  for  quantitative  analysis  of  doxorubicin  using  daunomycin  as  an  internal 
standard  (Appendix  1).  The  reproducibility  of  the  method  was  also  tested  (Table  1  and  Table  2 
in  Appendix  2) 

Flow  cytometry  was  used  to  characterize  the  cell  lines  with  respect  to  the  presence  of  the  protein 
associated  with  multidrug  resistance.  As  expected,  the  protein  associated  with  multidrug 
resistance  was  found  only  in  MCF-7/ADR  cells  but  not  in  wild  type  MCF-7  human  breast  cancer 
cells. 

Since  multidrug  resistance  is  associated  with  an  ATP  binding  permeability  glycoprotein  (pgp 
170),  the  influence  of  glucose  on  the  growth  of  the  two  cell  lines  was  examined.  The  two  cells 
differed  in  their  response  to  high  levels  of  glucose  (Appendix  3).  Increasing  the  glucose 
concentration  in  the  medium  from  5  mM  to  25  mM  was  without  effect  on  MCF-7/ADR  cells,  but 
stimulated  further  growth  of  MCF-7  cells.  This  may  have  some  bearing  on  the  growth  and 
progression  of  tumors  in  diabetic  individuals. 

The  cell  lines  were  further  characterized  in  terms  of  their  sensitivity  to  doxorubicin  in  the 
presence  and  absence  of  tamoxifen  (Appendix  4-8  ).  Isobologram  analysis  revealed  synergistic 
interaction  of  doxorubicin  with  tamoxifen  in  the  case  of  MCF-7/ADR  but  not  MCF-7  cells 
(Appendix  7  and  8 ). 

Electron  spin  resonance  (ESR)  techniques  were  utilized  to  study  free  radical  production  in  cells 
treated  with  doxorubicin.  The  formation  of  semiquinone  free  radical  from  doxorubicin  was 
detected  in  anaerobic  incubations  of  cells  (Appendix  9).  The  spin  trap  DMPO  was  utilized  to 
detect  the  formation  of  hydroxyl  free  radicals  by  cells  incubated  with  doxorubicin  and  DMPO 
under  aerobic  conditions  (Appendix  10).  The  dose  of  doxorubicin  needed  for  demonstrating  free 
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radical  production  was  quite  cytotoxic  and  comparison  of  the  results  from  the  drug  sensitive 
MCF-7  and  the  drug  resistant  MCF-7/ADR  cells  was  further  complicated  by  the  differences  in 
tolerance  to  doxorubicin. 

The  ability  of  tamoxifen  to  inhibit  microsomal  lipid  peroxidation  was  studied  using  liver  and 
cardiac  microsomes  (Appendix  1 1-12).  The  concentration  dependent  effect  of  doxorubicin  on 
microsomal  lipid  peroxidation  was  studied  (Appendix  13  ). 

The  in  vivo  studies  associated  with  task  3  (pharmacokinetic  analysis  and  apoptosis  assays  in 
animals)  of  statement  of  work  have  been  delayed.  However,  we  have  grown  MCF-7/ADR  cells 
as  solid  tumor  xenografts  in  nude  mice  as  part  of  another  ongoing  project  dealing  with  in  vivo 
phosphorus  nuclear  magnetic  resonance  spectroscopy.  We  will  soon  initiate  tumor 
transplantation  for  pharmacokinetic  studies  and  apoptosis  assays  using  authentic  multidrug 
resistant  breast  cancer  cells.  A  prior  assessment  of  the  factors  influencing  apoptosis  will  be 
useful  for  interpreting  the  results  of  apoptosis  assays  on  tissue  and  tumor  samples  from  treated 
animals.  Therefore  the  effects  of  different  agents  on  doxorubicin-mediated  apoptosis  were 
studied. 

Inhibitors  of  protein  kinase  C  are  known  to  play  a  regulatory  role  in  cell  proliferation  and 
apoptosis.  Protein  kinases  have  been  identified  as  therapeutic  targets  that  are  worth  exploring 
(7).  Tamoxifen,  raloxifene  and  dipyridamole  are  inhibitors  of  protein  kinase  C,  which  is  being 
recognized  as  an  attractive  target  in  cancer  chemotherapy,  especially  for  overcoming  multidrug 
resistance  (7-9).  The  influence  of  oxidative  stress,  pH  and  calcium  homeostasis  in  drug 
resistance  is  being  actively  studied  in  several  laboratories  (10-13). 

The  multidrug  resistance  reversing  agents,  tamoxifen,  dipyridamole,  verapamil  and  raloxifene 
are  inhibitors  of  protein  kinase  C.  Furthermore,  these  compounds  possess  some  antiperoxidant 
activity  and  a  tendency  to  perturb  calcium  homeostasis  in  cells.  The  basic  amino  groups  in 
compounds  such  as  nicotine,  tamoxifen  and  dipyridamole,  can  alter  intracellular  pH  and 
influence  cellular  uptake  of  anticancer  drugs.  The  diverse  pharmacological  properties  make  in 
vivo  study  of  these  compounds  exciting.  In  vitro  experiments  have  been  carried  out  as 
preparation  for  the  projected  in  vivo  studies  on  tumor  bearing  mice. 

Necrosis  was  the  major  source  of  cell  death  in  doxorubicin  treated  MCF-7/ADR  cells. 

These  cells  are  probably  not  of  breast  origin  in  spite  of  the  nomenclature  used.  These  cells  have 
mutated  p53,  which  may  account  for  their  resistance  to  apoptosis  (4,14)  (Appendix  14). 

The  protein  kinase  C  inhibitors  tamoxifen,  raloxifene  and  dipyridamole  partially  sensitized 
MCF-7/ADR  cells  to  doxorubicin,  when  cell  viability  was  estimated  using  colony  formation 
assays.  These  compounds  also  inhibited  doxorubicin  stimulated  microsomal  lipid  peroxidation. 
All  three  compounds  displayed  non  protein  thiol  sparing  effect  in  microsomes  treated  with 
doxorubicin.  This  confirms  the  anti-peroxidant  properties  of  these  compounds. 

Nicotine,  tamoxifen,  raloxifene  and  dipyridamole  are  amino  compounds  with  some  basic 
character.  Nicotine  activates  protein  kinase  pathways  in  some  cellular  systems  (15-19).  This  is 
in  contrast  to  the  other  three  compounds  which  inhibit  protein  kinase  C.  Interestingly,  nicotine 
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decreased  the  cytotoxicity  of  doxorubicin  towards  MCF-7  cells  (Appendix  14  and  22)  (14). 

Adenosine  triphosphate  ( ATP)  is  needed  for  pathways  leading  to  apoptosis,  and  ATP 
depletion  promotes  necrosis  (Appendix  15  )  (20).  Therefore  it  is  important  to  understand  the 
effects  of  different  pharmacological  agents  on  cellular  energy  production.  In  collaboration  with 
Dr.  Paul  Wang  of  our  University,  we  have  utilized  ^'PNMRspectroscopy  to  study  ATP 
producing  capacity  of  MCF-7/ADR  cells  (21),  The  technique  should  allow  us  to  compare  the 
effects  of  tamoxifen  and  doxorubicin  on  ATP  production  and  glucose  utilization  by  drug 
sensitive  and  resistant  cells.  We  had  noted  differences  in  the  glucose  mediated  proliferative 
responses  of  MCF-7  and  MCF-7/ADR  cells  (22).  Since  these  cell  lines  are  genetically  unrelated, 
we  will  repeat  the  experiments  with  authentic  genetically  related  pairs  of  drug  sensitive  and  drug 
resistant  breast  cancer  cell  lines. 

The  importance  of  the  sphingomyelinase  -  ceramide  pathway  in  ceramide  mediated 
apoptosis  and  drug  resistance  is  rapidly  gaining  recognition  (  Appendix  16  ).  The  roles  of 
sphingomyelin  and  ceramide  pathways  in  multidrug  tumor  cell  sensitivity  and  resistance  are 
being  examined  in  several  laboratories  (23-29).  We  are  teaming  up  with  Dr.  Xinbin  Gu  of  our 
University,  to  investigate  the  effect  of  nitrone  spin  traps  and  nitroxyl  spin  labels  on  ceramide 
mediated  apoptosis.  Free  radical  initiated  apoptosis  can  be  triggered  via  sphingomyelinase 
pathway.  Nitrones  and  nitroxyls  exhibit  antiperoxidant  activity  in  systems  where  dipyridamole 
and  tamoxifen  also  inhibit  peroxidation.  Therefore,  we  will  compare  the  abilities  of  these 
compounds  to  perturb  the  sphingomyelinase  pathway  and  apoptosis  in  drug  sensitive  and 
resistant  breast  cancer  cells  treated  with  and  without  doxorubicin. 

Important  differences  were  noted  in  the  metabolic  activation  of  doxorubicin  and  another 
anthracycline,  mitoxantrone  (Appendix  17  ).  Mitoxantrone  yielded  free  radical  intermediates 
during  oxidative  as  well  as  reductive  metabolism.  Free  radicals  were  detectable  by  electron  spin 
resonance  techniques  only  during  reductive  metabolism  of  doxorubicin  (30). 

We  also  observed  that  the  neutral  red  assay  for  cell  viability  was  unreliable  when  used  with 
multidrug  resistant  cells,  presumably  due  to  lack  of  adequate  retention  of  the  dye  by  the  drug 
resistant  cells  (  Appendix  18  and  23  ).  This  assay  also  overestimated  the  viability  of  heat 
inactivated  cancer  cells  (31). 

Among  several  compounds  tested,  loperamide,  an  over  the  counter  medicine  for  treatment  of 
diarrheah  was  a  potent  sensitizer  of  of  multidrug  resistant  MCF  7  clone  10.3  cells  towards 
doxorubicin.  (Appendix  25).  Flow  cytometry  measurements  indicated  that  loperamide  increased 
the  accumulation  of  doxorubicin  in  these  drug  resistant  cells. 

We  evaluated  a  series  of  l,l-dichloro-2,3-di-  and  tri-arylcyclopropanes  as  multi  drug  resistance 
reversing  agents.  Many  of  these  act  as  pure  anti-estrogens.  This  is  in  contrast  with  tamoxifen 
which  has  some  estrogenic  activity  in  addition  to  its  well  documented  anti-estrogenic  features. 
Some  of  these  antiestrogens  were  nearly  as  effective  as  tamoxifen  in  overcoming  cellular 
resistance  to  doxorubicin.  (32).  (Appendix  26). 

In  view  of  the  recent  interest  in  natural  products  as  therapeutic  agents,  we  tested  tetrandrine  and 
berberine,  which  are  used  in  traditional  Chinese  medicine,  as  sensitizers  of  multidrug  resistant 
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MCF  7  clone  10.3  cells  towards  doxorubicin.  (Appendix  27). 

We  had  several  setbacks  associated  with  misidentification  of  the  MDR  cell  line.  The  cell  line  that 
was  originally  obtained  was  probably  a  drug  resistant  cancer  line  unrelated  to  breast.  The  current 
resistant  cell  line  MCF-7  clone  10.3  is  an  authentic  multidrug  resistant  breast  cancer,  which  is 
easily  passaged  both  in  vitro  and  in  vivo  as  solid  tumor  xenografts  in  Balb/c  nude  mice. 

We  have  started  preparing  manuscripts  on  all  our  results  (task  4:  statement  of  work),  and  expect 
to  submit  them  for  consideration  of  publication  in  peer  reviewed  journals. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  HPLC  method  for  measuring  doxorubicin  content  in  biological  samples  has  been 
standardized. 

•  MCF-7  and  MCF-7/ADR  cells  have  differ  in  their  growth  patterns  in  RPMI  medium  with 
normal  (5  mM)  and  high  (25  mM)  glucose  levels. 

•  MCF-7  and  MCF-7/ADR  cells  metabolize  doxorubicin  to  the  corresponding  semiquinone 
free  radical.  However,  the  concentration  of  doxorubicin  used  to  demonstrate  this  results 
in  reproductive  cell  death  of  the  cells.  The  semiquinone  free  radical  was  observed 
under  anaerobic  conditions.  Including  5,5-dimethylpyrroline-N-oxide  (DMPO)  as  a  spin 
trap  enabled  the  detection  of  hydroxyl  radical  in  aerobic  incubation  mixtures. 

•  Tamoxifen  inhibited  doxorubicin  stimulated  lipid  peroxidation  in  both  liver  and  cardiac 
microsomes. 

•  Tamoxifen  by  itself  causes  reproductive  cell  death.  Tamoxifen  interacts  synergistically 
with  doxorubicin  to  cause  reproductive  cell  death  in  MCF-7/ADR  cells,  but  the 
interaction  is  only  additive  in  the  case  of  wild  type  MCF-7  cells. 

•  Demonstrated  necrosis  to  be  the  major  cause  of  cell  death  in  doxorubicin-treated  MCF- 
7/ADR  cells. 

•  Demonstrated  the  PKC  inhibitors  tamoxifen,  raloxifene,  and  dipyridamole  partially 
sensitized  MCF-7/ADR  cells  to  doxorubicin  when  cell  viability  was  estimated  using 
colony  formation  assays. 

•  Demonstrated  that  nicotine  activates  PKC  pathways  in  some  cellular  systems  in  contrast 
to  the  other  three  compounds  that  inhibit  PKC. 

•  Utilized  ^'PNMR  spectroscopy  to  distinguish  drug  sensitive  and  multidrug  resistant  cells. 

•  Nitrones  and  nitroxyls  can  perturb  the  sphingomyelinase  pathway  and  apoptosis  in  drug- 
sensitive  and  -resistant  cells  treated  with  and  without  doxorubicin. 

•  Detected  free  radicals  during  reductive  metabolism  of  doxorubicin  and  mitoxantrone. 

•  Observed  that  neutral  red  assay  for  cell  viability  was  unreliable  when  used  with  MDR 
cells,  and  overestimated  the  viability  of  heat  inactivated  cancer  cells. 

•  Doxorubicin  lethality  after  multiple  dosing  with  LDio  is  associated  with  bone  marrow 
depletion. 

•  Doxorubicin  treatment  (LDio)  of  mice  decreased  cardiac  levels  of  non  protein  sulfhydryl 
by  nearly  50  percent  whereas  the  levels  of  total  sulfhydryl  and  protein  bound  sulfhydryl 
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were  not  significantly  affected. 

•  An  EPR  method  for  measuring  the  sulfhydiyl  levels  in  cells  was  utilized  successfully. 

•  The  different  MDR  reversing  agents  did  not  affect  the  conversion  of  doxxorubicin  to  the 
correspoding  semiquinone  under  anaerobic  conditions. 

•  Microsomal  metabolism  of  doxorubicin  is  inhibited  by  tamoxifen 

•  Agents  that  reverse  multidrug  resistance  inhibit  microsomal  lipid  peroxidation. 

•  Natural  products  such  as  terandrine  and  berberine  modified  the  sensitivity  of  multidrug 
resistant  breast  cancer  cells  to  doxorubicin  by  inhibiting  the  expression  of  mdr  gene. 

•  A  series  of  synthetic  antiestrogens  were  found  to  reverse  multidrug  resistance  of  breast 
cancer  cells  in  culture. 

•  Have  demonstrated  that  the  anti-diarrheal  agent  loperamide  is  extremely  effective  in 
overcoming  multidrug  resistance  of  human  breast  cancer  cells. 

•  Inhibitors  of  PgP  causes  enhanced  retention  of  drugs  in  the  heart  and  brain. 


REPORTABLE  OUTCOMES: 

Manuscripts 

Sridhar,  R.,  Hanson-Painton,  O.  and  Cooper,  D.R.  2000.  Protein  kinases  as  therapeutic  targets. 
Pharmaceut.  Res.  17: 1345-1353,  2000. 

Oredipe,  O.A.,  Furbert-Harris,  P.M.,  Laniyan,  I.,  Green,  W.R.,  Griffin,  W.M.  and  Sridhar,  R. 
Coadministration  of  swainsonine  and  doxorubicin  attenuates  doxorubicin-induced  lethality  in 
mice.  Cell.  Mol.  Biol.  49: 1037-1048, 2003. 

Oredipe,  O.A.,  Furbert-Harris,  P.M.,  Laniyan,  I.,  Green,  W.R.,  Griffin,  W.M.  and  Sridhar,  R. 
Mice  primed  with  swainsonine  are  protected  against  doxorubicin-induced  lethality.  Cell.  Mol. 
Biol.  49:  1089-1099,  2003. 

Abstracts 

Zhou,  Y.,  and  Sridhar,  R.  Interaction  of  tamoxifen  with  doxorubicin.  Era  of  Hope.  Department  of 
Defense  Breast  Cancer  Research  Program  Meeting.  Proceedings  Volume  II,  June  8-11, 2000, 
Atlanta,  GA,  pp  684. 

Wang,  P.C.,  Liu,  D.,  Agwu,  E.  and  Sridhar,  R.  Application  of  P31  NMR  spectroscopy  to 
distinguish  drug  sensitive  and  drug  resistant  breast  cancer.  Era  of  Hope.  Department  of  Defense 
Breast  Cancer  Research  Program  Meeting.  Proceedings  Volume  I,  June  8-11, 2000,  Atlanta, 

GA,  pp  217. 

Sridhar,  R.,  and  Desai,  P.B.  Similarities  and  differences  in  mechanisms  of  free  radical  formation 
from  mitoxahtrone  and  doxorubicin.  Abstract  presented  at  the  Annual  Meeting  of  American 
Association  for  Cancer  Research,  New  Orleans,  LA.  2001.  Proc.  Amer.  Assoc,  cancer  Res.  42: 
935,2001  (Abstract  #5017). 
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Sridhar,  R.,  Balan,  K.B.,  Shankar,  R.A.,  Zhou,  Y.  and  Goldson,  A.L.  Observations  on  the 
application  of  neutral  red  assay  for  cell  viability.  Abstract  of  presentation  at  EXPERIMENTAL 
BIOLOGY2001,Orlando,FL,2001.FASEB  J.  15(4):pp  A238,  2001. 

Wang,  P.C.,  Zhou,  J.,  Agwu,  C.E.,  Li,  E.  and  Sridhar,  R.  An  improved  perfusion  system  for 
NMR  study  of  breast  cancer  cells.  Era  of  Hope.  Department  of  Defense  Breast  Cancer  Research 
Program  Meeting.  Proceedings  Volume  III,  Abstract  P40-30,  September  25-28, 2002,  Orlando, 
FL 

Zhou,  Y.,  Gu,  X,  Dhingra,  S.  and  Sridhar,  R.  2002.  Nicotine  inhibits  doxorubicin  -induced 
apoptosis  of  human  breast  cancer  cells  in  culture.  Department  of  Defense  Breast  Cancer 
Research  Program  Meeting.  Proceedings  Volume  I,  Abstract  PlO-25,  September  25-28, 2002, 
Orlando,  FL 

Zhou,  Y.,  Sridhar,  R.,  Gu,  X.,  Pang,  X.,  Balachandran,  R.,  Magadan,  R.A.  and  Day,  B.W. 
Evaluation  of  a  series  of  l,l-dichloro-2,3-di-  and  tri-arylcyclopropanes  as  MDR  reversing 
agents.  Proc.  Amer.  Assoc.  Cancer  Res.  45: 2004,  Abstract  #2139. 

Ally,  N.,  Zhou,  Y.,  Zhang,  R.  and  Sridhar,  R.  Chemomodulation  of  multidrug  resistance  of 
human  breast  cancer  cells.  Abstract  of  paper  presented  at  the  Fifteenth  Annual  Howard 
University  Medical  Center,  Resident/Faculty  Scientific  Forum:  May  5, 2004. 

Publications  since  1998  (also  includes  articles  unrelated  to  the  grant) 

Kapadia,  G.J.,  Tokuda,  H.  Sridhar,  R.,  Balasubramanian,  V.,  Takayasu,  J.,  Bu,  P.,  Takasaki,  M., 
Konoshima,  T.,  Nishino,  H.  Cancer  chemopreventive  activity  of  synthetic  colorants  used  in 
foods,  pharmaceuticals  and  cosmetic  preparations.  Cancer  Letters  129:  87-95, 1998. 

Jackson,  M.M.,  Hou,  L.H.,  Banerjee,  H.N.,  Sridhar,  R.  and  Dutta,  S.K.  Disappearance  of  2,4- 
dinitrotoluene  and  2-amino, 4,6-dinitrotoluene  by  Phanerochaete  chrysosporium  under  non 
ligninolytic  conditions.  Bull.  Environ.  Contamin.  Toxicol.  62:  390-396, 1999. 

Yamamoto,  M.,  Patel,  N.,  Tagged,  J.,  Sridhar,  R.  and  Cooper,  D.R.  A  shift  from  normal  to  high 
glucose  levels  stimulates  cell  proliferation  in  drug  sensitive  MCF-7  human  breast  cancer  cells 
but  not  in  multidrug  resistant  MCF-7/ADR  cells  which  overproduce  PKC-piI.  Int.  J.  Cancer  83: 
98-106, 1999. 

Krishnamudhy,  R.,  Lumpkin,  J.  and  Sridhar,  R.  Inactivation  of  lysozyme  by  sonication  under 
conditions  relevant  to  microencapsulation.  Int.  J.  Pharmaceutics  205: 23-34, 2000. 

Karkera,  J.D.,  Ayache,  S.,  Ransome,  Jr.,  R.J.,  Jackson,  M.A.,  Elsayem,  A.F.,  Sridhar,  R.,  Detera- 
Wadleigh,  S.  and  Wadleigh,  R.G.  Refinement  of  regions  with  allelic  loss  on  chromosome 
18pl  1.2  and  18ql2.2  in  esophageal  squamous  cell  carcinoma.  Clin.  Cancer  Res.  6: 3565-3569, 
2000. 


10 


Sridhar,  R.,  Hanson-Painton,  O.  and  Cooper,  D.R.  Protein  kinases  as  therapeutic  targets. 
Pharmaceut  Res.  17: 1345-1353, 2000. 


Cooper,  D.R.,  Hanson-Painton,  O.  and  Sridhar.  R.  Protein  kinases  and  disease.  In  Calbiochem 
Signal  Transduction  Catalog  &  technical  Resource  2001  pp  283-285 

Kapadia,  G.J.,  Azuine,  M.A.,  Balasubramanian,  V.  and  Sridhar,  R.  Aminonaphthaquinones  -  A 
novel  class  of  compounds  with  potent  antimalarial  activity  against  Plasmodium  falciparum. 
Pharmacological  Res.  43:  363-367, 2001. 

Kapadia,  G.J.,  Azuine,  M.A.,  Tokuda,  H.,  Hang,  E.,  Mukainaka,  T.,  Nishino,  H.  and  Sridhar,  R. 
Inhibitory  effect  of  herbal  remedies  on  12-0-tetradecanoylphorbol- 13 -acetate-promoted  epstein- 
barr  virus  early  antigen  activation.  Pharmacol.  Res.  45:  213-220, 2002. 

Ashayeri,  E.,  Omogbehin,  A.,  Sridhar,  R.  and  Shankar,  R.A.  Strontium  89  in  the  treatment  of 
pain  due  to  diffuse  osseous  metastases  :  a  university  hospital  experience.  J.  Natl.  Med.  Assoc. 
94:  706-711,2002. 

Oredipe,  O.A.,  Furbert-Harris,  P.M.,  Green,  W.R.,  White,  S.L.,  Olden,  K.,  Laniyan,  I.,  Parish- 
Gause,  D.,  Vaughn,  T.,  Griffin,  W.M.  and  Sridhar,  R.  Swainsonine  stimulates  bone  marrow  cell 
proliferation  and  differentiation  in  different  strains  of  inbred  mice.  Pharmacol.  Res.  47:  69-74, 
2003. 

Kapadia,  G.J.,  Auine,  M.A.,  Sridhar,  R.,  Okuda,  Y.,  Tsuruta,  A.,  Ichiishi,  E.,  Mukainake,  T., 
Takasaki,  M.,  Konoshima,  T.,  Nishino,  H.  and  Tokuda,  H.  Chemoprevention  of  DMBA-induced 
UV-B  promoted,  NOR-1 -induced  TPA  promoted  skin  carcinogenesis,  and  DEN-induced 
phenobarbital  promoted  liver  tumors  in  mice  by  extract  of  beet  root.  Pharmacol.  Res.  47:  141- 
148,  2003. 

Oredipe,  O.A.,  Furbert-Harris,  P.M.,  Green,  W.R.,  White,  S.L.,  Olden,  K.,  Laniyan,  I.,  Parish- 
Gause,  D.,  Vaughn,  T.,  Griffin,  W.M.  and  Sridhar,  R.  Enhanced  proliferation  of  functionally 
competent  bone  marrow  cells  in  different  strains  of  mice  treated  with  swainsonine.  Int. 
Immunopharmacol.  462: 1-11, 2003. 

Cooper,  D.R.,  Hanson-Painton,  O.  and  Sridhar.  R.  Protein  kinases  and  disease.  In 
“Calbiochem  Signal  Transduction  Catalog  &  Technical  Resource^',  2003/04,  pp  345-348. 

Shankar,  R.A.,  Nibhanupudy,  J.R.,  Sridhar,  R.,  Ashton,  C.  and  Goldson,  A.L.  Immediate  breast 
reconstruction-  impact  on  radiation  management.  J.  Natl.  Med.  Assoc.  95: 286-295, 2003. 

Oredipe,  O.A.,  Furbert-Harris,  P.M.,  Laniyan,  I.,  Griffin,  W.M.  and  Sridhar,  R.  Limits  of 
stimulation  of  proliferation  and  differentiation  of  bone  marrow  cells  of  mice  treated  with 
swainsonine.  Int.  J.  Immunopharmacol.  3: 1537-1547, 2003. 

Oredipe,  O.A.,  Furbert-Harris,  P.M.,  Laniyan,  I.,  Green,  W.R.,  Griffin,  W.M.  and  Sridhar,  R. 
Coadministration  of  swainsonine  and  doxorubicin  attenuates  doxorubicin-induced  lethality  in 

11 


mice.  Cell.  Mol.  Biol.  49: 1037-1048, 2003. 

Oredipe,  O.A.,  Furbert-Harris,  P.M.,  Laniyan,  I.,  Green,  W.R.,  Griffin,  W.M.  and  Sridhar,  R. 
Mice  primed  with  swainsonine  are  protected  against  doxorubicin-induced  lethality.  Cell.  Mol. 
Biol.  49: 1089-1099, 2003. 

Published  Abstracts  and  Conference  Presentations  since  1998  (also  includes  articles 
unrelated  to  the  grant) 

Sridhar,  R.,  Yamamoto,  M.,  Patel,  N.A.  and  Cooper,  D.R.  MCF-7  and  MCF-7/ADR  cells 
respond  differently  to  changes  in  glucose  concentrations.  Presented  at  Experimental  Biology  99" 
Washington,  DC,  April  17-21, 1999.  FASEB  J.  Page  A920, 1999  (Abstract  #  682.4) 

Kapadia,  G.J.,  Hang,  E.,  Sridhar,  R.,  Mukainaka,  T.,  Nishino,  H.  and  Tokuda,  H.  Inhibition  of 
phorbol  ester-induced  Epstein  Barr  early  antigen  activation  by  extracts  of  herbal  remedies. 
Presented  at  the  International  meeting  “2000  Years  of  Natural  Product  Research  -  Past,  Present 
and  Future”,  held  in  Amsterdam,  Netherland,  July  26-30, 1999.  (Abstract  #  512). 

Cooper,  D.R.,  Patel ,  N.,  Watson,  J.E.,  Illingworth,  P.,  Sridhar,  R.,  Pillay,  T.S.,  and  .Hanson- 
Painton,  O.  Insulin  regulation  of  PKC  pre-mRNA  splicing  and  expression  in  3T3-L1  adipocytes 
by  PI3-kinase  and  cPKC  signaling  pathways.  Endocrine  Society  Meeting,  Toronto,  Canada, 

June,  2000. 

Wang,  P.C.,  Liu,  D.,  Agwu,  E.,  and  Sridhar,  R.  Application  of  P31  NMR  spectroscopy  to 
distinguish  drug  sensitive  and  drug  resistant  breast  cancer.  Era  of  Hope.  Department  of  Defense 
Breast  Cancer  Research  Program  Meeting.  Proceedings  Volume  II,  June  8-11, 2000,  Atlanta, 

GA,  pp684. 

Zhou,  Y.,  and  Sridhar,  R.  Interaction  of  tamoxifen  with  doxorubicin.  Era  of  Hope.  Department 
of  Defense  Breast  Cancer  Research  Program  Meeting.  Proceedings  Volume  II,  June  8-11, 2000, 
Atlanta,  GA,  pp  217. 

Sridhar,  R.,  Shankar,  R.A.,  and  Goldson,  A.L.  Novel  approaches  to  radioprotection.  Abstract  of 
paper  presented  at  2000  Annual  Convention  and  Scientific  Assembly,  National  Medical 
Association,  August  15, 2000. 

Shankar,  R.A.,  Zhou,  Y.,  Goldson,  A.L.,  and  Sridhar,  R.  Hyperthermia  induced  cell  death  in 
human  prostate  cancer  cells.  Abstract  of  paper  presented  at  the  Residents  Scientific  Forum, 

2000  Annual  Convention  and  Scientific  Assembly,  National  Medical  Association,  August  13, 

2000. 

Shankar,  R.A.,  Zhou,  Y.,  Goldson,  A.L.,  and  Sridhar,  R.  Hyperthermia  induced  cell  death  in 
human  prostate  cancer  cells.  Abstract  of  paper  presented  at  the  Fifteenth  Annual  Howard 
University  Medical  Center,  Resident/Faculty  Scientific  Forum:  May  10, 2000. 

Shankar,  R.A.,  Zhou,  Y.,  Goldson,  A.L.,  and  Sridhar,  R.  Is  Neurotoxicity  of  the  radiosensitizer 
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Misonidazole  related  to  Lipid  Peroxidation?  Abstract  of  paper  presented  at  the  Fall 
Resident/Faculty  Scientific  Forum  and  the  fifth  annual  Charles  S.  Ireland  Memorial  lecture 
program:  Dec  14, 2001. 

Sridhar,  R.,  and  Desai,  P.B.  Similarities  and  differences  in  mechanisms  of  free  radical  formation 
from  mitoxantrone  and  doxorubicin.  Abstract  presented  at  the  Annual  Meeting  of  American 
Association  for  Cancer  Research,  New  Orleans,  LA.  2001 . 

Sridhar,  R.,  Balan,  K.B.,  Shankar,  R.A.,  Zhou,  Y.  and  Goldson,  A.L.  Observations  on  the 
application  of  neutral  red  assay  for  cell  viability.  Abstract  of  presentation  at  EXPERIMENTAL 
BIOLOGY  2001,  Orlando,  FL,  2001. 

Zhou,  Y.,  Gu,  X,  Dhingra,  S.  and  Sridhar,  R.  Nicotine  inhibits  doxorubicin  -induced  apoptosis  of 
human  breast  cancer  cells  in  culture.  Era  of  Hope.  Department  of  Defense  Breast  Cancer 
Research  Program  Meeting.  Proceedings  Volume  I,  Abstract  PI 0-25,  September  26,  2002, 
Orlando,  FL 

Wang,  P.C.,  Zhou,  J.,  Agwu,  C.,  Li,  E.  and  Sridhar,  R.  An  improved  perfiision  system  for  NMR 
study  of  breast  cancer  cells.  Era  of  Hope.  Department  of  Defense  Breast  Cancer  Research 
Program  Meeting.  Proceedings  Volume  III,  Abstract  P40-30,  September  28,  2002,  Orlando,  FL 

Narayana,  A.,  Apparaju,  S.,  Gudelsky,  G.A.,  Sridhar,  R.  and  Desai,  P.B.  Investigation  of  the 
pharmacokinetics  and  pharmacodynamics  of  gemcitabine  in  glioma  tumors:  influence  of  ionizing 
radiation.  Int.  J.  Radiat.  Oncol.  Biol.  54:  Number  2,  Supplement,  240, 2002.  Abstract  #2051. 

Shankar,  R.A.,  Kuppusamy,  P.,  Zhou,  Y.,  Goldson,  A.L.,  Zweier,  J.  L.  and  Sridhar,  R.  In  vivo 
measurements  of  tumor  oxygenation  and  metabolism  using  electron  paramagnetic  resonance 
spectroscopy/imaging.  Int.  J.  Radiat.  Oncol.  Biol.  54:  Number  2,  Supplement,  118,  2002. 
Abstract  #198. 

Shankar,  RA.,  Zhou,  Y.,  Goldson,  AL  and  Sridhar,  R.  -  Is  Neurotoxicity  of  the  Radiosensitizer 
Misonidazole  Related  to  Lipid  peroxidation?  Oral  presentation  at  the  National  Medical 
Association  2002  Scientific  Assembly  and  Annual  Meeting,  Honolulu,  Hawaii,  Aug  04, 2002. 

Apparaju,  S.,  Gudelsky,  G.A.,  Sridhar,  R.  and  Desai,  P.B.  Evaluation  of  pharmacokinetics  of 
gemcitabine  inrat  brain  extracellular  fluid  employing  in  vivo  microdialysis.  Proc.  Amer  .  Assoc. 
Cancer  Res.  43: 210,  March  2002 ,  Abstract  #  1051. 

Cooper,  D.  R.,  Patel,  N.  A.,  Chappel,  D.S.,  Mebert,  K.,  Mancu,  D.,  Miller,  L.A.,  Duong.  T., 
Sridhar,  R.,  Watson,  J.E.  and  Eichler,  D.C.  Insulin-regulated  inclusion  of  a  protein  kinase  C  beta 
II  specific  exon  introduces  an  instability  element  responding  to  high  glucose  concentrations  in 
vascular  smooth  muscle  cells.  Abstract  of  poster  at  the  41®*  Annual  Meeting  of  the  American 
Society  of  Cell  Biology,  December  8-12,2001,  Washington,  DC. 

Pang,  X.,  Xie,  T.,  Zhou,  Y.,  Sridhar,  R.,  Califano,  J.  and  Gu,  X.  Apoptotic  effect  of  salvionolic 
acid  B  in  various  cancer  cells.  Proc.  Amer.  Assoc.  Cancer  Res.  44:  2003,  Abstract  #  327. 
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Gu,  X.,  Pang,  X.,  Zhou,  Y.,  Sridhar,  R.  and  Califano,  J.  Nicotine  inhibits  vitamin  E  succinate 
induced  apoptosis  of  human  head  and  neck  squamous  cell  carcinoma.  Proc.  Amer.  Assoc. 
Cancer  Res.  44:  2003,  Abstract  #  3894. 

Zhou,  Y.,  Sridhar,  R.,  Gu,  X.,  Pang,  X.,  Balachandran,  R.,  Magadan,  R.A.  and  Day,  B.W. 
Evaluation  of  a  series  of  l,l-dichloro-2,3-di-  and  tri-arylcyclopropanes  as  MDR  reversing 
agents.  Proc.  Amer.  Assoc.  Cancer  Res.  45: 2004,  Abstract  #  2139. 

Gu,  X.,  Song,  X.,  Zhou,  Y.,  Ji,  H.,  Xie,  T.,  Sridhar,  R.  and  Pang,  X.  Comparison  of  nicotine 
effects  in  vitamin  E  suiccinate  and  5-FU  treated  human  head  and  neck  squamous  cell  carcinoma. 
Proc.  Amer.  Assoc.  Cancer  Res.  45: 2003,  Abstract  #  3742. 

Sadler,  S.,  Zhou,  Y.,  Zhang,  R.,  Ashayeri,  E.  and  Sridhar,  R.  Alkaline  phosphatase  activity  of 
cancer  cells:  implications  for  the  use  of  amifostine.  Abstract  of  paper  presented  at  the  Fifteenth 
Annual  Howard  University  Medical  Center,  Resident/Faculty  Scientific  Forum:  May  5, 2004. 

Ally,  N.,  Zhou,  Y.,  Zhang,  R.  and  Sridhar,  R.  Chemomodulation  of  multidrug  resistance  of 
human  breast  cancer  cells.  Abstract  of  paper  presented  at  the  Fifteenth  Annual  Howard 
University  Medical  Center,  Resident/Faculty  Scientific  Forum:  May  5, 2004. 


CONCLUSIONS 

A  robust  analytical  method  has  been  established  for  carrying  out  pharmacokinetic  studies  on 
tumor  bearing  mice.  The  formation  of  free  radicals  during  cellular  metabolism  of  doxorubicin 
has  been  demonstrated.  However,  the  conditions  necessary  for  demonstrating  free  radical 
formation  also  caused  extensive  cell  death.  Tamoxifen  is  an  efficient  antioxidant  which  interacts 
synergistically  with  doxorubicin  to  kill  multidrug  resistant  MCF-7/ADR  cells.  This  has  to  be 
confirmed  in  vivo  using  solid  tumor  xenografts  of  MCF-7/ADR  cells  in  nude  mice.  This  will  be 
accomplished  in  the  next  phase  of  the  project.  Raloxifene  and  toremephine  will  also  be  tested  in 
vivo  along  with  tamoxifen.  Our  experiments  imderscore  the  importance  of  glucose  levels  in 
modulating  the  proliferation  rate  and  cytotoxic  response  of  cells. 

The  MDR  reversing  agents,  tamoxifen,  dipyridamole  and  raloxifene  partially  inhibit 
doxorubicin  mediated  lipid  peroxidation  in  tumor  cells  and  in  microsomal  preparations.  The 
results  need  to  be  confirmed  using  MCF-7,  and  MCF-7  MDR  clone  10.3  cells  developed  by  Dr. 
Michael  Gottesman  of  the  National  Institutes  for  Health.. 

The  MCF-7/ADR  cells  which  was  used  in  our  studies  has  a  mutated  p53  and  is  not  prone  to 
undergo  doxorubicin  mediated  apoptosis.  Moreover  this  cell  line  may  not  even  be  a  breast 
cancer.  Therefore  it  is  essential  that  we  concentrate  our  efforts  on  MCF-7  and  MCF-7  MDR 
clone  10.3.  We  also  have  MDA  435/LCC6  and  its  multidrug  resistant  derivative 
MDA/LCC6MR1  for  comparison. 

It  is  important  to  test  the  antiperoxidant  and  thiol  sparing  effects  of  tamoxifen,  dipyridamole  and 
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raloxifene  using  authentic  breast  cancer  cells  differing  in  drug  sensitivities.  These  results  should 
be  compared  with  those  obtained  using  cardiac  muscle  cells.  Electron  spin  resonance  studies 
should  be  carried  out  to  evaluate  the  thiol  tone  of  muscle  cells  and  tumor  cells  treated  with 
doxorubicin  alone  and  in  combination  with  tamoxifen,  raloxifene  and  dipyridamole. 

The  MCF-7  and  MCF-7  MDR  clone  10.3  will  be  grovm  as  solid  tumor  xenografts  in  Balb/c 
nude  mice  for  completing  the  pharmacokinetic  studies  as  proposed  .  The  results  from  these 
studies  will  help  identify  any  preferential  effects  of  doxorubicin  and  multidrug  reversing  agents 
on  the  tumor  in  comparison  to  the  heart . 
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Figure  1:  Calibration  Curve  for  HPLC  Analysis  of  Doxorubicin 

HPLC  analysis  was  carried  out  on  samples  containing  known  amounts  of  doxorubicin  (DOX)  and 
daunomycin  (DAUN)  as  the  internal  standard.  Spherisorb  ODS-2  column  (5p  4,6  mm  x  25  cm 
column  was  used  in  a  Shimadzu  HPLC  system  equipped  with  a  fluorescence  detector.  A  70:  30 
mixture  of  phosphate  buffer  (pH  0.06  M;  pH  4.0)  and  acetonitrile  was  used  for  isocratic  elution 
at  a  flow  rate  of  1  ml  per  minute,  at  room  temperature.  Fluorescence  detector  was  at  excitation  and 
emission  wave  lengths  of  480  nm  and  560  nm  respectively.  Doxorubicin  and  daunomycin  eluted 
after  retention  times  of  7.5  and  17.5  minutes  respectively. 
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Concentration  of 

Percent  Coefficient  of 

Variation 

Doxorubicin  (ng/ml) 

Intra-day 

Inter-day 

25 

4.2 

6.9 

125 

5.8 

6.0 

Table  1 :  Intra-day  and  inter-day  reproducibility  of  HPLC  analysis  of  doxorubicin 

Plasma  samples  containing  known  amounts  of  doxorubicin  were  subjected  to  the  acid  extraction 
procedure  and  analyzed  using  HPLC  and  the  inter-day  and  intra-day  variation  was  checked. 


Concentration  of  Doxorubicin 
added  (ng/ml) 

Concentration  of 
Doxorubicin  recovered 

Percent  recovery  (mean  ± 
standard  deviation) 

25 

23.3,  26.4, 23.9 

98.1  ±5.36 

50 

45.9, 48.1,53.7 

98.4  ±  6.56 

100 

94.5,  93.8,  96.7 

95.0  ±1.23 

Table  2:  Efficiency  of  acid  extraction  method  for  recovery  of  doxorubicin  from 
mouse  plasma. 

Plasma  samples  were  thawed  and  mixed  using  a  vortex  generator,  one  hundred  microliters  of 
plasma  were  spiked  with  an  equal  volume  of  daunomycin  (5  pM)  as  an  internal  standard  and  then 
mixed  with  300  pi  of  0.6  N  HCl  in  90%  ethanol  and  stored  at  4“C  for  one  hour  to  form  a  gel.  The 
sample  was  then  centrifuged  at  20,000  g  for  25  minutes  and  the  clear  supernatant  was  analyzed 
for  doxorubicin.  Since  doxorubicin  and  daunomycin  are  photosensitive,  all  manipulations  were 
performed  under  subdued  light. 
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MCF7 


MCF  7/ADR 


Figure  2:  The  influence  of  glucose  on  proliferation  of  MCF-7  and  MCF-7/ADR 
cells  in  culture 

The  effects  of  glucose  concentration  on  cell  proliferation  were  investigated  in  MCF-7  (left  panel) 
and  MCF-7/ADR  (right  panel)  cells.  Single  cell  suspensions  were  prepared  from  exponentially 
growing  monolayer  cultures.  Cells  were  seeded  in  several  6  well  plates  at  approximately  1x10^ 
cells/well  in  3  ml  of  RPMI  1640  medium  containing  5%  fetal  bovine  serum  and  normal  (5  mM) 
(open  circle)  or  high  (25  mM)  (open  square)  glucose.  Total  viable  cell  counts  were  determined 
daily  using  0.4%  trypan  blue  dye  exclusion  and  the  number  of  cells  per  dish  calculated,  the 
proliferation  rate  of  MCF-7/ADR  cells  was  higher  than  that  of  MCF-7  cells  at  normal  glucose 
concentration.  The  proliferation  of  MCF-7  cells  was  stimulated  by  high  glucose  (top  panel)  but 
there  was  no  difference  in  the  proliferation  rates  of  MCF-7/ADR  cells  exposed  to  normal  and  high 
glucose  (lower  panel).  Data  are  mean  +  SD  for  triplicate  determinations  which  were  repeated  in 
three  separate  experiments. 
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Figure  3:  Cell  survival  curves  for  MCF-7  cells  treated  with  graded 
concentrations  of  doxorubicin  with  or  without  tamoxifen 

Cell  viability  was  assessed  using  clonogenicity  measurements.  Appropriate  numbers  of 
exponentially  growing  MCF-7  cells  were  plated  in  triplicate  onto  60  x  15  mm  tissue  culture 
dishes  containing  5  ml  complete  medium.  Cultures  were  treated  the  next  day  with  doxorubicin  (0 
to  20  pM)  alone  (closed  circle)  or  with  tamoxifen  (10  pM)  (open  circle)  for  6  hours.  At  the  end  of 
the  6  hour  drug  treatment,  the  medium  containing  the  drug  was  removed,  and  the  cultures  were 
washed  with  phosphate  buffered  saline  and  replenished  with  fresh  medium.  The  cultures  were 
incubated  for  10  to  12  days  and  then  stained  with  1%  methylene  blue  in  50%  ethanol.  Colonies 
containing  50  or  more  cells  were  considered  to  be  reproductively  viable.  Survival  of  cells  with 
respect  to  untreated  controls  was  plotted  against  doxorubicin  concentration. 
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Figure  4:  Cell  survival  curves  for  MCF-7/ADR  cells  treated  with  graded 
concentrations  of  doxorubicin  with  and  without  tamoxifen. 

Cell  viability  was  assessed  using  clonogenicity  measurements.  Appropriate  numbers  of 
exponentially  growing  MCF-7/ADR  cells  were  plated  in  triplicate  onto  60  x  15  mm  tissue  culture 
dishes  containing  5  ml  complete  medium.  Cultures  were  treated  the  next  day  with  doxorubicin  (0 
to  75  pM)  alone  (closed  circle)  or  with  tamoxifen  (10  pM)  (open  circle)  for  6  hours.  At  the  end  of 
the  6  hour  drug  treatment,  the  medium  containing  the  drug  was  removed,  and  the  cultures  were 
washed  with  phosphate  buffered  saline  and  replenished  with  fresh  medium.  The  cultures  were 
incubated  for  10  to  12  days  and  then  stained  with  1%  methylene  blue  in  50%  ethanol.  Colonies 
containing  50  or  more  cells  were  considered  to  be  reproductively  viable.  Survival  of  cells  with 
respect  to  untreated  controls  was  plotted  against  doxorubicin  concentration. 
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MCF-7  CELLS 

MCF-7/  ADR  CELLS 

Enhancement 
Index  (El) 

Dox  (  pM  ) 
ICso 

Enhancement 
Index  (El) 

0.0 

■BSSH 

- 

25.0 

- 

1.0 

0.91 

1.1 

20.5 

1.2 

2.0 

0.76 

1.3 

15.9 

1.6 

5.0 

0.47 

2.0 

5.1 

4.9 

10.0 

0.06 

16.0 

0.7 

35.7 

Table  3:  Enhancement  of  doxorubicin  cytotoxicity  by  tamoxifen 

Appropriate  numbers  of  exponentially  growing  MCF-7  and  MCF-7/ADR  cells  were  plated  in 
triplicate  onto  60  x  15  mm  tissue  culture  dishes  containing  5  ml  of  complete  RPMI 1640 
medium.  Doxorubicin  (0  to  20  p.M  in  case  of  MCF-7  cells;  0  to  75  pM  in  the  case  of  MCF-7/ADR 
cells)  and  /  or  tamoxifen  (0  to  10  pM)  were  added  the  next  day.  After  6  hours  of  drug  treatment, 
the  medium  was  removed  from  the  cultures  which  were  subsequently  washed  with  phosphate 
buffered  saline,  and  then  refed  with  complete  medium.  The  cultures  were  incubated  for  another  10 
to  12  days  and  then  stained  with  methylene  blue  (1%  solution  in  50  %  ethanol).  Colonies 
containing  50  or  more  cells  were  considered  to  represent  a  viable  cell.  The  number  of  colonies 
arising  from  viable  cells  was  determined  and  the  survival  was  calculated  relative  to  untreated 
control  cultures,  and  the  dose  response  curves  were  plotted  and  analyzed  by  the  method  of  Chou 
and  Talalay  (4)  to  determine  IC50  values.  The  enhancement  index  (El)  was  calculated  as  the  ratio 

(ICsn  of  Doxorubicin  in  the  absence  of  Tamoxifenl 

(IC50  of  Doxorubicin  in  the  presence  of  Tamoxifen) 
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Doxorubicin  (  micro  M  ) 


Figure  5;  Isobologram  analysis  of  cell  survival  data  on  MCF-7  cells 

The  nature  of  the  interaction  of  doxorubicin  and  tamoxifen  was  evaluated  according  to  the  method 
of  Berenbaum  (5).  Since  each  drug  was  cytotoxic  when  used  alone,  the  combination  of 
doxorubicin  and  tamoxifen  was  considered  homoergic.  Cells  were  treated  with  tamoxifen  alone  or 
doxorubicin  alone  or  combinations  of  the  two  drugs  over  a  range  of  concentrations  and  IC50  values 
were  determined  as  indicated  in  table  3.  The  IC50  isobole  was  constructed  and  the  combination  of 
tamoxifen  and  doxorubicin  was  found  to  act  additively. 
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Doxirubicin  ( microM ) 


Figure  6:  Isobologram  analysis  of  cel!  survival  data  on  MCF-7/ADR  cells 

The  nature  of  the  interaction  of  doxorubicin  and  tamoxifen  was  evaluated  according  to  the  method 
of  Berenbaum  (5).  Since  each  drug  was  cjdotoxic  when  used  alone,  the  combination  of 
doxorubicin  and  tamoxifen  was  considered  homoergic.  Cells  were  treated  with  tamoxifen  alone  or 
doxorubicin  alone  or  combinations  of  the  two  drugs  over  a  range  of  concentrations  and  IC50  values 
were  determined  as  indicated  in  table  3.  The  IC50  isobole  was  constructed  and  the  combination  of 
tamoxifen  and  doxorubicin  was  found  to  act  synergistically. 
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-MCF-7+Dox  (100  micro  M) 


-MCF-7+DOX+TAM  (micro 
M) 

■MCF-7/ADR+DOX 


-A—  MCF-7/ADR+DOX+TAM 


Figure  7:  Comparison  of  doxorubicin  semiquinone  free  radical  production 
during  anaerobic  metabolism  of  doxorubicin  by  MCF-7  and  MCF-7/ADR  cells 

Single  cell  suspensions  were  prepared  from  exponentially  growing  monolayer  cultures.  Anaerobic 
incubations  were  carried  out  in  closed  sample  vials  (2  ml  capacity)  containing  (10’cells/ml)in 
phosphate  buffered  saline  (pH  7.4),  glucose  (0.2  mM)  and  doxorubicin  (0.1  mM).  The  samples 
were  transferred  anaerobically  into  an  ESR  sample  cell  after  incubation  at  37°C  and  the  spectra 
recorded  over  a  60  minute  period  in  order  to  assess  the  kinetics  of  semiquinone  formation.  The 
relative  intensity  of  the  adriamycin  semiquinone  signal  was  plotted  against  the  duration  of 
incubation.  Inclusion  of  tamoxifen  (10  pM)  did  not  affect  the  formation  of  semiquinone  free 
radical.  The  signal  due  to  doxorubicin  semiquinone  was  higher  in  the  case  of  MCF-7  cells 
compared  to  MCF-7/ADR  cells.  It  is  important  to  mention  that  the  concentration  of  doxorubicin 
used  in  these  experiments  cause  reproductive  death  of  almost  all  the  cells.  The  two  cell  lines  differ 
in  their  tolerance  or  sensitivity  to  doxorubicin. 
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Figure  8;  Comparison  of  hydroxyl  free  radical  production  in  aerobic 
incubations  of  MCF-7  and  MCF-7/ADR  cells  containing  the  spin  trap 
(DMPO)  and  doxorubicin  with  or  without  tamoxifen 

For  these  experiments,  aerobic  incubation  mixtures  contained  lO’cell  per  ml  in  phosphate  buffer 
(pH  7.4),  glucose  (2mM),  doxorubicin  (100  pM)  and  DMPO  (100  nM)  with  or  without 
tamoxifen  (10  pM).  Aeration  was  ensured  by  bubbling  air  through  the  incubation  mixture 
maintained  at  37°C.  Electron  spin  resonance  spectra  were  acquired  at  different  times  over  a  period 
of  1  hour.  The  intensity  of  the  second  peak  of  the  1:2:2: 1  quartet  of  the  DMPO-OH  signal  was 
plotted  against  duration  of  incubation. 
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Figure  9:  Inhibition  of  cardiac  microsomal  lipid  peroxidation  by  tamoxifen. 

Incubation  mixtures  contained  3  mg  microsomal  protein  per  ml,  2.5  mM  NADPH  with  or  without 
doxorubicin  (25  pM)  and  tamoxifen  (0  to  25  pM).  Malonaldehyde  was  determined  by  measuring 
the  absorbance  at  532  nm  of  the  2-thiobarbituric  acid  conjugation  product  after  processing  with 
thiobarbituric  acid  reagent  under  acidic  conditions  (6).  Lipid  peroxidation  was  allowed  to  proceed 
for  60  minutes.  No  effort  was  made  to  exclude  adventitious  iron  in  the  buffers  or  reagents  used. 
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Figure  10:  Influence  of  tamoxifen  on  doxorubicin  induced  lipid  peroxidation 

in  liver  microsomes 

Incubation  mixtures  contained  1  mg  of  microsomal  protein  per  ml  and  an  NADPH  generating 
system  composed  of  glucose  -6-phosphate  (5  mM),  NADP  (0.3  mMO  and  0.5  units  of  D-glucose- 
6-phosphate  dehydrogenase.  Lipid  peroxidation  was  determined  on  the  basis  of  2-thiobarbituric 
acid  reactive  substances  which  have  a  strong  absorbance  at  532  nm  (6).  Lipid  peroxidation  was 
allowed  to  proceed  at  37°C  for  60  minutes  in  the  presence  or  absence  of  doxorubicin  (25  pM)  with 
or  without  tamoxifen  (10  pM) 
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Figure  11:  Effect  of  doxorubicin  concentration  on  microsomal  lipid 
peroxidation. 

Incubation  mixtures  contained  1  mg  of  microsomal  protein  per  ml  and  an  NADPH  generating 
system  and  graded  concentrations  of  doxorubicin  (0  to  150  pM)  with  or  without  tamoxifen  (10 
pM).  Lipid  peroxidation  was  allowed  proceed  for  60  minutes  at  37°C  and  the  extent  of 
peroxidation  was  assayed  by  measuring  2-thiobarbituric  acid  reactive  substances  (6). 
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Efftfct  uf  nictome  or  doxprabfdii  toxtcjty  towards  MCF-7  aft<I  KB3J  colls 
itatrodiii’tion 

Ttrtlie  United  States  apprpxiinaldy  7.5  %  qf  cpilcer  related' deatks  can  be  attributed  to 
shtoking.  TobabcQ.uiSe  has  beeii  associated  with  carcinogenesis.  Tobacco  use  is  strongly 
discouraged  in  patients  undergoing  cancer  therapy.  Nicotine  (nic)  may  Uccroasudie 
effectiveness  df  caiiccr  Uieiapy  tod  increase  die.risk  of  tumor  fecnirence. 

Tbbaiid  Qfcancei‘tterapyi;%toeh  in  tgnipr.;©iqno'genicity 

=assays  arc  useJu!  Jfor  determining  reproductive  cell  death,  whereas  assays  for  apoptosis 
are  not  always  a  measure  of  reproductive  death  in  cells.  Tumor  recurrence  depends  on  tlie 
iprcsence^df  ^abte  eionpgeni^  ^iiyiyeeyenailef  #c;|eslcd  the;eMct 

:  mcotme.|iff  dytotdjilcity'dTtoxbtubiito^  hr  cujtiifej^  lisihg  asshys. 

Sf  a|idptdds,  neadsi^  and 

Methods  .and  Materials 

Cetlsr  MUF-Tjitnnan'ljre  andXB*3,l  iiwintonasopharjdgealcareh^^ 

cells  were  cultured  and  maintained  as  bxponeritjal  inbnblayks  in  a  ixmiiidiifcd  5% 
carbon  dioxide  air  atmosphere  in  a  37"C  ^  lipihf|  ii^h  inediurn^^^^%^^ 

Jh%  fetal  bovine  senim,  giufaminc  C2niM),  sodium  pyruvate  (ImM)  and  100  units/ml 
btohdfpeni#llmtod  stMptOihycihwas  XhiVTl  gcHs 

v/ere  grown  in  Dulbccco’^S  mhiimuu:)  cssohiial  medium  that  ivas  fortified  with  fetal 
bovine  serum,  glutamine,  pyruvate  and  antibiotics  as  hiclicatcd  for  RPMI 1640- 

Xpbptosis  assays!  Xbncxlm  V-hUpF  apoptosis  deteGtioftldt  (MBUvNbgp;^,  Japan).vvas 
msed  for  apoptosis  assays  using  a  llow  cyto^^  eshmatedby 

tntJasuri'ng  Caspase  3  :an,d  baspase  F  actlviticrv  using  a  casp'ase‘3/CXF32  flubipmetric 
■protease  assay  kit  and  a  caspasc-8/Flicc  lluorotnerric  protease  assay  kit  (MBL,  Nagoya, 
Jap8n|.  Apoptosjs.was  also:  detected  on  the  basis  of  DKA.Fragincntatloteanal.Wii$msing 
1,5%  agaibspgelspbsjngbthldium  bfbrhide^fo^ 

^  seeded  ptn-depsitf pf ;300  tod ;!  50p  pells  pW  bPrain' 

ditoetertissUbctdiufedisltes  andthec^  weteaflowi^toatteckottemighh 
:euhto^  were  tteatbd  with  mebthib^  ift  dr  20  p^ 

bpated  wllh  sdrne  voluthe  blXie^^^  After  the  ■tw'o  lteur  exjm.^^^ 

nteptine,  Ibbctdptresvvcre  treated ‘wiUi  diifebiU:0nbpnpati0ns 

10  itM  to  bf  13():rhitotesi  AppropnatePqrit^  doxorubient  were  also 

hteiuded;  Thenifedujm''wa|reniOved1|Qntbbto  with 

Dulbecco’s  phosphate  buffered  saliiie,  and  fresh  drug  free  cultere  mediuin  (5  ml)  was 
added  and  tliciciilhircs  rotomed  'to  the  irieubatpr  to  colony  Ibnnation  to  progres.s  for  ten 
tjays.  Apy  colpiiy  tofttaiihlTg  mOce  than  50  cpils  was  considered  to  represent  a. yMbte 
bibhbgeme  eClk/Thetomhei  bFMtehlesln  to..dfffefent  .dishe.S 
staining  with  mcfliylcnc  blue.  Survival  was  calculated  relative  to  a  100%  value  for 
untreated  controls.  The  Cxperinieiit  was  performed  at  least  four  rimes  for  each  cell  lino. 
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Effect  of  iiictftine  on  doxorohfclii  toxicffy  towards  MCF-7  aftd  KB3»1  cells 
introductioiQ 

Tivfhe  United  Bfaj;®  a|jproxiinaiely'7.5  %  of  cancer  related  deatli.^  can  be  attributed  to 
smoldiig.  Tobacco.iise  has  been  associated  witFi  carcinogenesis.  Tobacco  use  is  stfongly 
discoiraged  in  patiente  undergoing  cancer  tlre,rapy;i^icotinc,(nit^)  may  decrease  die  ‘ 

, effectiveness,  df  eariccf  lUcrapy  and  increase  tlie.risk  of  tumor  recErrence;. 
liieairri  of  cancer  Iberapyis-teeiiniinafccloxio^^^^^^^  in  tumor.  Glonogenicity 

assays  are  useful  for  determining  reproductive  cell  death,  whereas  assays  for  apoptosis 
arenoiahvays  a  nfe^Sufe  of  reproductive  dCiath  in  cells,  Tumor  recurrence  depends  on  the 
^presence  of  yitfefee%nngeni^^  #ryfye  We.  tested  (heieMpt  pf 

iticbtinepn'-cydbfejdcity  dfdojibruMcin(^^^^  tjt  culture,  tisihg  assays 

■fdf  updpto.sis,  neerdsi^^^ 

Geiils:  lyfGP^fiintnanb^  und,K^|,l  binrieniiiistflpbarytigeai  carcinoma 

icellpvwt^culfer^teilmliM  rdpnplayt^sB^ 

carbon  dioxide  air  aitnospbere  in  a  STC  ineubatpr,  RPMl  1  {54^  m  ^iam  fortified  ■with 
i;p%  fetal  bovine  ,seriini,.giufatniJie  (2niM),  sOdiiuh  private.  (Intilvi)  and  ID0  uiiits/ml 
eaeh  of  perii«llmi^d  streptomycin  was  used  fer  eulfeiing  i^  cells 

were  grown  in  IJulbcecofe  niinininm  essential  mediiini  that  Wa.s:fortified  with  fetal 
bovine  serum,  glutamine,  pynivate  and  antibiotics  as  indicated  for  RPMl  1640. 

Appptpsis  assays?  AtufeitEf NHifiFP  upppcmasdefeGtibn  Kit  Hagpy^  Japartjwas 

bSedfefapOpfesfeassaysusingadGw^GytoEietor.  Apop^^  estimated  by' 
inisisurLng  easpaise  3  uiid  cUspase  8  activities  usinga  caspa5e-3/Cn?P32  flupipmctric 
kif  dttd;d‘;cag(^c-B/Plioe  tydnanetne|r^^ 

Japapl  Apqpiosiswasf Isp^ifetec^^  on  die  bas|  ol|^APmgmc^^ 
l.d^o  agaipseigels,  dsing  .ethidiu^ 

CiopOgeukity  assay;  Celhs  were  seeded  at  a  density  of  300  .and  1500  cells  per  bOmni 
didthefef  dishdetdlufe  wefe  anoWed  to  attadlt  ox'emij|bi  The 

wemtreutbd  Mufe  niemibt^  j  0  ^ 

,'tfeafed  with  Stutievotuhie  of  medium 

niepdne,  feecidferes  were  ;|£eatod;whh  d)|l|^ 

10  pMrmigefibrlO  OrT20  mfeufesv  App^ 

included.  The  medium  was  removed  from  each  disli  and  the  cells  were  washed  with 
Dwlbecco’s  phosphafe'buffered  saline,  and  fresh  dnig  free  cultofe  mediuhi  (5  ml)  was 
added  and  the  cultures  refiimcdUo  the  incubatpr  for  colony  ferniation  to  prQgr,ess  fbr  ten 
;diays..)Vnye<^pny^  ddbelfewWppii^dcfedfoi^^ 

Oidnogcliie  cell,  ThOliUmbef  of  Oblohies  . in  die  . different  d^ 

staining  with  methylene  blue.  Survival  was  calculated  relative  to.  a  100%  value  for 

untre  ated  contro  ls.  The  experiment  was  performed  at  least  four  rimes  Tor  each  cell  line. 


(iO  |.iM) 

iu  tho  sbscflCv  of  mcotittc  Itttlcsd  &II  cdls-.  However,  pretreatnient  with  10  and  20  fiM  nicotine 
afforded  partial  pmtdctifni  to  MCF-?  cells  li'Caicd  tvith  dcixortbicin  ()Q  (Fig,  1), 

in  KB-3, 1  cells  thc-sumyal  was  14.2%  after  a  90  minure  treatment- with  0.5  piM  doxonibicin 

atone,  but  the  survivai  Increased  to  27,2%  w'hcn  ai  tvto  hour  treatment  with 

■  iD  ufed^dilne  pree^  (0.5  t>MJ  Ireaiiit«aU  (  F{gt  2j.  liven  tins  slig^^ 

dfd.oxyrubldnyytotyxi^ity  ibiy  flieytirtewdl!  is 

iUiiSirdiil  thhldfild  t^ilUthteoty  W 

:^l^&ce  of  tticddite.'®tj;griipft  (T^  dciHcli^  dicftoftttcr  df  cldndgdv»^ 

‘multiple  eoiusooftreatmenf  dl  a. ^ 

Pndgrajfftemorppntain^  iiirs 

TS^tutiod  that  tlCttitpPPis  lte>Sit)g#ieaM:iaiid  d^ 

therapy,  Mfeets  olfiimor  cell  pidUferation:  have  dsp  been  ignored 

-4HWe?dn  y  asssfy:  Two  eotot  4p>v  diuohiehy  results  todicated^^  prdppriidJi  pi’ ecjla 

;€^&sed  todQ3£QltdHbih  webs  necTpti&:(a|Jtid^d  by  pibppwm  Iodide 

popufation  olapoptofic  cells  was.si-natir  Rreteatment  with  nicotine  (lO  decreased 

peerpsisi  due  to  doxpiphlcih  (10  pM),tp^hhpeftt  PT^CP-7 

tfestment  also  prptect^^^^^  iXJtls  Xroni  iitHJidsfe  induced  By  du.xoriibicio  (t  ,a&^^^^^ 

forXIO  pd 

Caspase  2  and  taSpdspB  activities  !iud  BNjV;fra|rtteBia(ionr'^ 

doXowBicip  alonoifer  PO  ndnptes  inore  caspasc«3  activity  to  142%  and  caspase-B  activity 
to  126%  lelatiyf  ;tdU00% ‘lydivity  iBcephcn^yine  irruim^^ 
hour  prci-tii^tufetwitB  ^Oddyl  hifotine  rediicediheBpslitisS^ip 

respectively,  in  etiUnres  treated Jwith  doxonihlcin  to  1 14%  and  1 0 1%'  Dleontro!  (11%.  7| ,  This 
■OpffeBpondytph  inhibition  ;ofd0xprubiclh4nd«CedappptosiS:  by  2^^ 

delis^/lilTparallel  jift  ;df  i^peiiniemsi+^the^i^ 

free  mediuJTi  after  die  fto  ininiP  exposure  to  doxorit  lftcin  and  then  iiteubated  at  dT*|3-  foe  24 
JipUrs.  inhitftttpn  pt-doxotubicin.'induc^^^ 

tueotbieBbuhlibc  dOiiiOiist^  oh  tliediasis  pf  PNi4  ftflgrntuftatidif  hiialy^ 

0ur  original  mtmtion  \vm 'to 'oumpm'trMCM^Wmd  muiiidmg 

an  Unpn  fifpwevert  wC 

were  ahk  to  obtain  ckup  samidvi'  (KB-^.  1)  and  ridWed mvUidnt}’  remtxinf.  (KB~V.}} 
;fipnoj}liaiyngs-al  earcirionia  cells.  We  pUiidieid  ejcpetane.rils  on.  tAese  iifiih  and  umdi  (bf-  T^ftilis 
for  e&mparison  wi^  tke  dakifpr  M^F-liiceils. 


0f  as  ^  necrosis 

.amt  Glenogenittit^'-:  l^eeirosts  and  notapopt^^^  tlie  Ma|or  cause  of  bell  death  m  MCF-7  and 
.KB-3.1  cells, treated  with  doxorubjdn  undet  the  condidoas  pf  0w  eXpcntnenjS-  MCF-?  add 
10-3,1  cells  sKov^'Sd  Qoly.a  weak  apoptotic  re'spone  td.doxPrubitiQ  treatmeat 

l^iMtl0a;Ofi|iOptom^  deaft  cp  a®et:iMm0r  cm  ^His  shitemeat 

,  must  further  ,bb  tfemperod  hy  the  fact  thattumftr  response  to  tlferapy  dejreilds  on  tomqf  cel  1 
;]cilJiivg^  fcdi|  pidiitefdtipnVm  hett  !b,SS  fabtph  'tl’hdftlotherapy  is  usually  given  in  iWultiple  doses 
or  cycles  othfcatmcnfc  %e  stight  inhilVitton  of  doxorabicin  cytotoxicity  by  uicotine  can  be 
dehltnMtal  iftfceffieuny,0f  lUnitipfecoufses^^^^^^^ 

'nw  W-?5^  At:it?5'  Medical  Se^earch  h^^^  l  7-^98-i^Hl,lw  .dippdded 

'ditsdyddd 


Survivd  Rs  lafivQ  Centro 


Fig  I.  »f4oxdrirtjiie|iu  j?1iy  iM 

4p44astrated  toy  cbtotogcpiicilv  ^issays^  cpils . 
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fig  8.  DNA  frfigineiitatioti  assays  iiiMCf-?  Calls 

•A:  Micqtine  1,0  fxM,  B;  Nicotine  20  j-iM, 

Ct  Nicotine  10  fiM+Boxombicin  1 0  T):  Nicotine  20  fiM-i  Dcworubicin  1  OjxM, 

jEt  Control,  fi.BbxOitibic'in  10|iM. 

The  results  from  DNA  IbigrnenUttion  assay  imlicatetl  that  doxorubicin  induced 
niost'BNA  fmgnients  (.Lane  F)  compared  to  other  treatment  groups.  However,  20 
uM  ttieotine  inhibited  this  effect  df  doMfiibiein  ( .Lane  B) 
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Abstract:  Sridhar,  R,,  and  Dc3ai»  P.B,  Similarities  and  dlfSerette^  in  mcOhsnisnis  of  free 
radied  formation  from  mimstantrohe  and  doxorubicin.  Abstract  presented  at  the  Annual 
Meeting  of  American  Association  for  Cancer  l^search,  Hew  Orleans,  I>A.  2001.  Proc. 
^er.  Assoc.  Cancer  Res,  42: 935^2001,  (abstract  #501^. 


#S01T  :  irid  DMsiwieaft 

mtttiafi  fnmt  Mttog>n^rprt»  mi 

Bi  Omk  Ooa^;^  PfugfmRiy,  <5^  OH,  ^ 

i(MR'cafidk)ittdc  ii^  doumifclctt,:  Stn» 
to  racttcii 

mi  irMbctond  ^  m  fhir 

MNt)PH  under  gnaiPCfe<ecctoailanR»  canwcridlng 
nc«w  cwfifrtttd  by  todr 

(n(|ty,iiiteaargOf^{40^inlUbftyit<AOW 

Mherees  dbxof^ubtbin.'iS^.i^  Iwns  txiPTCttiiif  iitlijpd  porewdejawofi  nw^ 

two  iQfel  drh/«nf^  t^ihiilyi«r  m^rataiw,^ 

tH«  acid  aasai^.'lhMtmvr^  of  ii«kq^»nt0tf^  jtOdiiMl  wito 

p<r03sid3MjN^  and  hydifo^  P9rd^ 

yMiid  iNft  radiesji  whoib  EBfi  vims  i^KXKdvdTt^  ^pseSutTk 

oiH»*nBd  idr  .ir»  fsoduci  of  HRP  c««tiy®sd  s^sstde  of 

Spadrophos^^  iila  IN  d«% 

of  P^'cf 

UJk  pmmMA  rm  liutsm lidiati : pw:oddBa»  m 

liydr^  P«toind9  6aui»$d  fad^ 

ooukk  dstaetodi  1^  ^  tfimxmxifSf.  Wm  d  iOh^ 
-acNNI  in  iNiutt  ctiiMto/  m^toosnis^  w«»  mom  Mo  dox^ni^ 

MiX6»diotior»^  to  db>oarubkdns,^^^>^^  l^biis  fN«ridcd 

iiptfi'mvzvn^  ewtettort.  .tNf'wW  oxiXain  awflN  of  tho  oN»»itne:*s  in  tN.citvir* 
of  th»  two  dugis.  ^Suppoted  In  put  by  dw  U,a'AmTy  M«o(cd 
f^swaichkid  MM«l,CornrNnd.urtd*^ 


Misorbatiee  at  S40rtir 
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Fig  1.0bniipaiflsor»  of  Neuitai  Red  and 


1.0E+04  1.0E^05  5BE+05  1.0E+06 


of  dSEte 

rH  tjarl^n  df  ki^  %  0r^ 


Abstratii;  PsiC.,  Liu,-^  Agwu,  E.  aiid  Sridliar,  R.  Appilcatiba  tif  931 

SpbcttbSCQpy  to  distm^ah  drug  sensitive  and  drug  resistsmt  b^ast  cancer.  Era  of  Hope. 
ID^epartnieat  of  Defense  Breast  Cancer  R^earch  Brogcam  Meeting.  Proceedmp  Volvnne 
I,  June  8^11,  IdOd,  Atlanta,  GAj  pp  217. 


AjPPLICAtlON  OF  P31  Rfflpt  SSECTROKSCOPY  TO  OBTING WSH  DRUG 
'SFNSmVEAJtoDRtjO'J^iSiStA^^  ■ 

pr-  Faiil.C.  jglu^  Br^.lfci|*|ap«]^B  Sddluu-. 


C^aiUn^t, of  Howard  Um 

WaPiin^n;  ]j^  20^ 

Nttciw  magaedc  itsjoMMe  (ipMR)  ^jroseopy  Jhis  Merpsl  a  one  of  the  tom 
promising  techniqne?  ti»  itniRoye  speciTicity  in  Ua  4iagQ0«is  stegiitg  bf  Jneap^  t^ 

:U  ha  heea  ^nddy  used  in  the  pudy  of  tuinuR'  «ocr^  eaetihstism,  vae^aite  ad 
oxygaaaiioji.  snd  ire#«^  to  di%  Tl«  NMR  to;Wij<iue  has  inirinsicalty  weak 

signals,  isWch  liinit  m  ultteiic  resQlutkin  aid  leiBitivip,  A  new  MMR  pwlse  was 
counted  amg  a  high  te*^etatn»  saperecoduewf,  YSCO.  to  teduee  eletaronie  noise 
and  intiHovedetadon  semfd^^  To  test  dw  ini]a»rem^  of  sensidviQ',  two  experini^B 
{ite  eondueted;  ap  t'ih'o  cell  metabolian  stvhfy  09  P4  T  ipechonieter  iind  an  N  vpo 
hpbr'beariiig  admel  shtoy  oh  a  4.7  T  scanna 

In  the  cell  hKtelioIisto  Stody,  MCF?  hi#w  hwaa  caicer  cells  and  their  variana  sto  used  to 
Chapetorf a  die  diffcHhk^  ih  ldV)els  Of  phos|di&te  metaholita  dtuieg  growth  phav  a  w«ll 
as  und«  Tamoiqfefl  and  Doxoruhicin  treatoiect  Dining  toe  NMR  study,  toe  breast  cancer 
celb  {'»10j  cells)  are  matralned  to  agft^se  ghl-t^  eonSnttouslY  peiftcM 

with  phtrienis,  Phosphoriu  metohoUtip  itomtijded  teclude  pbospht^holine;  inoiE^ 

phositoBie,  adenosiDe  tophosphtoe.  dlpto^^to^^jiei^,  dycerophe^phoetoanotjuntoe  ahd 
glyoaophosplwclwliae.  The  study  of  drhg  effect  tokw  10  to  IZ  hours,  to  which  t  senea  of 
NMR  spectra  a«  obtained  lU  ohe  hour  faten^  C4<^  Li  aiec  nation  time). 

The  drug  seositiw  ceUs  weto  tototottically  affected  2  pM  Dtotitotototo  wftoin  two  houre 
of  ptotosloh  but  not  re^nsive  to  Tamotofea  withtoi  12  hoitoi.  to  ettotoai,  MCF7i?  ADR 
mdtidiMg  msistiHrt  cells  showed  tw  efffctni^  ^i^ 

to  toe  animiti  shafy,  M^y  femaie  atoymto  mtoe  iidce  00-25  g)  a»  used.  MfcP7  wild  type 
^  dingi«Sat^  <tolU@ra  grown  as  tolMtUBHWxe^^  Hk  other  lion- 

Involved  leg  served  as.a.opntrol.  The  NMR  spectroscopy  study  of  fumar  progression  ts 
doneev^  two  or  ijuec  days  diirtog  the  tamw  growto  phase.  Th«e  is  a  signtficant  drop  in 
high  enogy  ^rasphale  $i|^ls  to  the  (untor  sitea  eocniwed  with  toe  control  sites.  In  toe 
coiBse  of  hitnor  progKssioii.  the  level  of  hdgb-eDetgy  phosphines  contitotously  dropped 
whSe  that  of  inorganic  phosphate  tocreased.  This  study  has  demonstrated  toe  intpotatocc  of 
Mgh  to  differenttottog  drug  senstiva  and  toag  tesistBst  cells. 


Abstect:  Wang,  P.C.,  Z3iioii,  J,,  Agwu,  €.E.,  Li,  E.  an4  Sridhai,  R.  An  improved 
pferfiision  system  for  NMR  study  of  breast  cancer  cells.  Era  of^dpe/Departineaf  of 
Ciefense  Breast  Cancer  Reseaicb  Program  Meeting.  Proc^dmg^  Volmnc  ID,  Abstract 
P40-30,  September  25-28,  2002. 

ANIMPRCrt^n  PEftfOSION  SVSTEM  EOB 
STCDY  OB'BBEaST  CAlCERCEllJi ' 

P«a]  C,  W»n»»  3U>4ia,  GhllteaSHm  t 

Erebus  U,  smetUiBiopilfti  SrWIiwr 

DepaatoiortofllsdiolOBy.  Howard  Ur«vdr^it3i» 

W«Wngtoii,DC2{)0(» 


Ex  "vi^  flwlear  roagnmi:  «*oaaii<» Is  us«ftil  for  stnd^ng  &e  meiMic  tetivity  lod  ilw 
iresponseofcdlbto  ctaaiwUi^y«g«i»^  Suai*tuifieSiavolvfU«|:s^^*iti^dvw 
^tcFid^  f>eno<i&  lo  dajflL  It  to  p^es«r>^  t|to  of  mIIi  dodi^ 

prolonged  siu^  ^  IHtkvi^g  adcipiaie  nuUicaW  oxy|^  to  cclk  fey  pedMg 
^ci^ed  msdnbdnod  $1  the  i)orm^  pfe)«k>togic»l  tfiajxpori^  Tb« 

pfe^«3iC4f  of  teittm  to  tho  caluifo  medtiim  tsemp^^  RiKtoiiiiitoJf 

bubble*  to  lfe«  FcrftoBoii  system.  Air  toifeblctpcrtmb  magnetic  f  eld  M  to  the 

sample  bzkI  caused  fiito  width  broadetong  and  loss  of*p<^|rfd  Wc 

utilized  an  improved  jpefftadoii  system^  Which  tocludes  positive 

to  pfc^t  air  bulfeto  gdnwraiiaei  msido  dto  bS^  satoplb  Whei  Ttus  lys^  used  to 

pioloftg  a  tj^al  U  hotur  OL  wo  smdy  to 

•Wild  type  MGF-^7  btfiRBaft  breast  cancer  cetla  were  gtowii  to  sbetot  iSji  ettoflui^^ 
wjth|0%FBS.  Apptoaiitoatoly  l4x JO*  cells  w^thar^ 
totopetotote  gelling  aiproae.  The  ag&rose-ceirtoiKtorB  waaextrddcd  liito^^fe 
torough  a  Oi.5  mm  i.d.  Tefkm  ittotog.  Hits  resulted  in  Usin  strands  of  lifee 

eontamtog  cells  embedded  to  llwaicihieads  to  toeblMRtu^  w^pix^^ 

IMBM  (OS  mVmto}  using  a  pcristolttc  pump.  With  ima«grcaUy  tocai^  lur  bfebMe  itops 
befbto  arid  alter  the  pump  and  a  reservoiir  for  waste  colleetion  was  to  epll^  toe 

cfTluent  from  the  KMR  tribe.  A  400  MKz  Instrument  was  used  with  a  tiiito  2 

flip  angle  45*,  width  o^^<500  Hz  and  1800  trinsieiri*  were  feour. 

The  ex  vivo  Studio  w<are  pe-tormed  hi  37^ C  and  deutedum  locked.  Many  photo^K^ 
metobolites  wers  idendfied  on  the  feasto  of  toair  chemical  $hi^  and  by  ^ 

appropnaie  audiatic  compounds  to  piutSewtor  pttosptoHsaiaitolfitoii^^ 

(PQ.  iiwigatoe  |^spbatoj^)»  j^yeentohospht^^thai^  <GPB),  gjyceropfeospfeo- 

{?Cr)>  y-adcaosine  triphosphate  (t-AITX 
riiphosphate  (it-ATP),  dipho^hodicstcr  (PPDE),  and  p-sdwtoMiw 
Ifec  stoWfety  of  the  peirtosion  a^^em  was  demonstrated 
of  spitotra  ctoained  at  one  hour  totervals, 

In  .otocr  io  ascertain  trial  the  toc  metsfeoUcacrivity  df  vi^ 

iodoacetamide  {04  mM),  a  respiiatorypoitoit^as  portosed  torou^  lltocc|li  and 

rihange  to  m^abolito  profile  observed.  Tl^  cytdtoM^  efr«:t  of  iodpaeetamidc  » 
defcime  1J1  p^ATP  peak  over  the  next  tim  hoiira.  Furth^dnOre,  sign^  fp?  exhwtoJMa? 
apfeear^  totoicdi^^^  upon  perfiisipn  with  iodloacetomide.  The  pe^  forcx^elkl#  P^ 
incitased  wito  concomitant  decrease  in  the  totmellular  peak  swggi^tto^^^^ 

tottoccllul^  Pi  into  the  extraefiUulto  sp^e,  the  improyed  cell  pc^ 
severd  days  and  is  reliable  for  the  study  of  cell  met^lisiri  to  viislc  cells  and 


;APPEi^0iXil 


Absara^:  aa^ Sridtovlfc 

E#i  df  Hbpfe,  IJqpartment  of  D^etiso  Breast  Cpc^  Researth  Program  Meeting. 
Proceedings  Volume  B,  lune  8-11, 200d,  Atlanta,  GA.  pp  684^ 


!l»weid0jiilAied!¥CMe«riPeife  #ltldddoa  ChSColi^t 

Iki«and»cda  (MdW  wsed  atooe  or » winyniikm  to  a»st 

measWic  trciste^  Soscondncie  tliorfi{9  il 

s  4ose>limt^  ia4  cnnilaiaxkitii'.  tl^  Muiy  pudy  Ic  duo  to  See 

xa^ail  kptmamdh^  dwia^  lOOatKdim  ot  doxon&icb.  The  etai^ceiii^ 

:laimii»dfea  -piotwte  btomcinheiiM  £am  See  radical  modatod  Oitidedve  datn^. 
Ttei^ifiot  ^  also  ahovwi  wane  potential  fOTienKtsingRHdikln^te^^ 
cells.  Id^ly,  die  rauWdft*  sawiog  «8eat  dwuM  sOBsitiw  Ae  luncwr  cells  to  tte 
ac&to  oTttoxonibicbi  wtiltoui  leor  es'^liaoicioiy.  Since  candotoxkily  iovolye 
laidads,  it  wDuid  he  boto&M  if  dto  Atig  used  to  ttvaamw  dti^ 
ooBEteraiatM  die  fi«e  radSraU  eJfecto  white  jfOteaiiatiQ*  tlto 
towards  die  turmr  cells.  Tenwidliai  {W  nM)  partially  lohibitod  NADPH  depend^ 
Upid  pettoddatioa  ta  rat  beatt  trad  ru  li'%  iracrosooies  In  the  piaaicc  tosd  of 

d^o^cin.  Tfae  csatii^  tosinaiu  humau  breast  csocer  celt  luie  MCFT/AOR  is 
oettly  100  tu&es  mow  rewowt  than  die  proaital  MCF7  cell  line  as  judged  by 
cloitogeiik  assays  of  eultuitea  iie^  widt  traded  eoweimtrtiois  of  dototo^  lii 
tliis  stody,  tantosafea  (10  pid>  tmmae^  fSr  6  bouts  was  to  1«& 
'MC^/ADR  celis.  Isohahgnm  iotdy^^^^  eom^Dadte ‘^tatobti 

and  dOxondacio  etbibited ;  iyaet^sttC  toxicl^  toyMds  JdCPT/A&A 
iwttod  Oidy  addidve  elSbeis  apbut  hl<!P7  celk  eell  W  metabolitod 
dwconMantodtocatespi^^  Riecuoo  rqpto  nsoii^^ 

:i[^R)  specnoKitqiiy  r^'  ceil  aiajssssioito  twaied  wiib  dtocotub^fi  Under  aneobfe 
CQoditioos  at  JrC,  demoasttan^  tbe  tomiadoii  of  semiqidnooe  gee  lad^ 
inirtwiini^  Tuotoi^  (10  {iM)  Ad  not  eet^  ttto  formsdon  of  the  aetoundi^ 
in  dto  intnib^oO  moduri^  [octuaiaD  of  ilto  )|>ia 
jpObW^Q)  in  aeratod  kcidiatioe  oiiictutes  sod  doJtpnA^ 

^ve  Ok  hydroxy]  aptn  adduct  of  bldPO.  Compeiisoa  of  fiee  nAcal  yields  fi^ 
':JdCi?T’  ,«ad  cel^  rm  ll^,citpt*it^tji/: 

pt^rtiOBS  of  viable  cdis  tiJld  dOiwiraldcin  coweisU^^ 

:fbr/bcAi  «Jl  'Unto.  'Oj&aaUoo.  6f  e'iitot«at:,sjFAj  :tto4niioto'''to5^^  ^ 
p«®tcss. 

lid  11.S.  li^y  MeAitol  Rtotoisto  atabWerieJ 
■^aiRpi^'tewtok. 


Abstract:  Y.,  Gu,  %  Dhin^a,  S*  atid  Sridhaii  it  Nicotme  kiMbits  dpxombicm^ 

induced  apoptosis  of  human  breast  cancer  ceils  in  cul^,  I>epaftment  of  Defense  Breast 
Cancer  Research  Program  Meeting.  Proceedings  Volijme  I,  Abstract  P10-2S,  September 
25-28, 20D2,  Orlando,  FL. 

INttoOIlfe 

Vtwfii 

tod  lUJ 

^Coll^ge  of  petititoy.  Hpwi^  IM 

arnokmg*  .  Use  of  tobacco  after  i  ctocor  ? 

field  eancerktoon  md  decreases  ihe  efi^cacy  of  csiiws*  thorapA  The  choixtoai^^ 
diug  doxombiem  Induces  apoptosis  ill  caii^  TIjp  efeto  df  to 

induced  ^Ui^i  was  evaluated  in  vitw  mng  MOF-?  hmtan  brpm  ciUKjar  cell  cuhuies. 

Bxponenttany  growing  moaoUyet  MOF-?  edUs  wtofe 

fto  Pd  £bltoed%  a 

A^jJtos^  ass^iy^  Imif^  doxorufaicto^  Twcniy 

nlbotiite  iiddbited  doxorubiekhindueed  apoptosis,  based  m  0KA  aiuaysls. 

^.■a;toekiiri..V  binding,,  tod’ ^  ■^yides.  ^Tlretoii,tot^^to 

lOpLM  doxci^V^  for  $0  minutes  IncreiM^  ftCtiidty  to  todedpiise4 

activity  to  12d%icltoYeto  lOO%aKdivity 

However.  i2  towpj^treatm^^  JOpM  niWUitc  lipckccd  the  Cfi3^rti^3  and  csspase-^ 
activities  re4|^  b  tulto^  tb  1 14^  tod  l6lH  of  ctotibl, 

This  corre^lKmds  to  a  20%  iohibition  ordatot^hitto-todutod  aftoptokte 
these  ceIJS/  In  s  pntoikJ  setto^expetbt^^  dn^  ctoteintoll  ntedium  was  to^bced  widi 

dnig  free  totoltoi  totolbe  ^ then 
for  24  hours.  Wtea  du^  ci^Ia  wtostoto^ 
by  tiicotiite  <»}ojd  be  detoqitto^t^bktoy^^ 
binding,  but  not  to  ^  bttosdfcn^^^i  ato  toi^dci;  to 

efftot  to  toto^^^!'4dtltouto  It  ihhibitto  doxto^bkittriiton^dd  aptotds^  Chmgfodcify 
txs/n^mtisdd^  afaili^  of  mobdito  (10  tod  20^  )  to  MCF-7 

ctos  agtoi^  tto  eytoto^  of  a  90  mmute  tmmm  isdto  toxocnbitoi  h  l  OpI^. 

Nitotbe (to  tod  20jiM)  did  iwl  glfeot  the  viability 

toeatto  Wtdi  iCtolid  toxftobiebi^^  litoblbto  toapo^^ 

nicotine  ^  eflfetiveiteSs  of  ip  Apopteto^  j$  « 

dcfttoemcchai^  tf  lUtotihd  inlUbUS 

cells  progressifig  towards  malignancy,  then  ihe  rtsJcbf sectotoiy  maJigptooles  maybe 

.highcTjn.patififtts  who  use  tobiccot  prtotots  dtototod'tottodtotoubi^^ 


(1 J  .MoTtiiliiy  jfor  $^lccto'?tol=k|-r«|ii»d  XffiiM  ,1950“ 

1990.  MMWR ,  t^j|-  a7:g$^4|3;.-  j  fefctott ^RA.  wto  Cetobteief Ktoc^^uie  aia:;ne  toekto  tol  tetem 
41^^  wi%h  eancttfv  JNdcai  gte  O^:-2002  Feh;to(i}j|l7-45: 


■^fwm 


AmNDIX23 


AX. 


sr,  Kaw  Y  tefea.  ¥««  2bm  9aH  A  &m 

>,  '^1  Oofli^A^-^iiw.  f  DC'iii^ 


t  U  GfliftsB  j' 


Sailing  Vol  1/7,  APf^Kj^DlX  %4 

Rj^iew  Aftkk 

ihfoteln  Mtniisei  M^frapetifkl^^ 


:Ra|a|oi»iila«;SiSd!lii'/'Oi^ 


X4ah/uiMefM2!X)^m^ 

frotfin 

^  c«U  tmin^  ^  u  rnc^asbolimr  eta  ^ 

fiea  ftcSsata,  vftroliBir  fib<^  l^  l^tmish  plKN#Of)fi9txn  imi  (iepltio** 

flfcoi^tuaci  w  iii  ousiacii^  for  pfKKoii^i  mi  ^  md  dvniiem.  M 

k  A  k  S^ria  that  MNt  the  of  tpada* 

ji^  be^  jU-caakor  iteapeot^  fgaea  li  ;ffiik 

diab^  alia  oC  proie^  hinMi  ltxw 

mchisle'  ipoc3%r.  aalaeciB  o^accoidaoti^  Sor  Jishi^^  fxoc»i^  g< 

!RHA«.  tuititr^ o^urfi^- ;:pnxh^  .ssiii  <'.ti^''  dtamaai-  dectiiafasa;  ik \  khiliii-.  Itiam' 

dmikm  of  pki^^^NC^  1^ effee*ii 
iiabibfta^  is0om  s^fcid^v  jobu^^  thifeti  Uut 

’  aJiow  pther  tlkrip^uijo  afk&k  ad^tKsdfil  'tiu&^  |ec<XQ«'  ;0€feciM  as^/dsAy  laiy;##  k|1|| 

/cHiMd' hrt^ts^^  ^  '  ' '  "  '  "  "  ""  '  '  '  ,  "  '  ^  '  '  .  "  V  '  " 

:' UY' WOIS;!^:;;  traMduedca^'d^^d^i^^  f^mtHlwstApotitie 


HukarjrQtk  pfdtoin  Mriaaea  ocmatitutB^i  CanWy  of 
homt^Qus  pn:>t€&£s  that 

phatphatiO  peyup  of  ATY  or  to  tiki  bydroxj^l^  of 
striae,  ttoocmiae  or  tyii^c^lise  t^ 

Yiaa^  diftsT  strootijn^  i  lod^i^ 

sp^aty,  ahd  €el2^  ^giMiliai  on 

the  phwphdi^^  of  path^  to  alW  thei^ 

fiific^^.  ^the  aohitrated  trajo^^ 

/pt^ia  tapTfet^  to  icti^ty. 

threonme^  Of  tyxosias  rsskluet  aite  subairat»  pror 

iem  phoaphata^  SO  Uiat  plioq^c^^ 

ktlbn  serve  moleco^  sad  eadbi^h 

as  Iq  ie^i  add 

Ceiiijllar  1^^  as  eip^^  eytpsfeeietal 

Integrity,  cell  sdheskm,  exU  cyde  prog^rtsaioci,  and  (Mcrtn- 
ilation  iEue  cootroUed  by  the  cooiplos  lotetpbiy  of  protein 
Unaseo  and  phOsphata^  la  sps^c  dgtmliai  pathways 
12),  of  odtular  sipdliog  have  been  aasc^it)^ 

with  ibaoy  d^ksea  iiidiid^  ^€M  and  diabeteis.  Reg^thni 


^  ^  Depaitmesit  of  Radkiloa  Qtniiolagyi:  Howiyrd 
Bad  C&cicer  Ce&tcr,  WashiDiiDo,  DrC 
''^'  b^eitmeiiit'  of  ’Chemmtry,  Osivemty .  of  iCanhil  Otdidkrri^.  ^ 
.kond„'.OIL  ■  ^ 

^1,  A.  Hdey  y$i«rana  Roeipital  aad^^l^  of  Bib<h«mfety 
Slid  Moteoilar  Biology  !C^  feUth 

Uege  o£  M^  Tampa,  lFt« 

A  To  whoitt  ;®rre3po!«fci^  •XA^H^yYel: 

et^  Hoi^tal,  13000  Bwet  B:  Otma  Blvd,  Tsmpa,  FL  3'^ti 


tram^^  of  fi¬ 

lial  niokealsA  with 

pim^  have  .been:  sul^tdi  mte-iw  rcaes^  m  the'  Indhstnal 
setthig  Ik  well  At  ia  hbay  therajpeatk  stnifcgiet 

am  mm  be  developed  thsoug^  11^  e^thesk  of  oompo^a^ 
whi^  a^^vaie  or  Inat^vate  ptoteht  In  a  lealtkellutar 

eomiMd^tib^  a  crudal  rok  an- 

<%  nomal  Ik  wel  ii  paUkkjk^knd^t^  of 

afadthiPal  ckik  with  norc^  provide  the  ftrema  and 
bl<^  Ripply  ^^kenlfal  for  taakimfiki^f^ 
dph  bl  hiit^  Stwh  leto  m  a  iiHde  imy  oi 

repeptocs  and  tnakdiidi^ 

either  the  hprt  or  cahm  eelt  Sinde  aberrant  expreaaioTi/ 
aetivation  of  fkbtdiL  kiniise  C  appean  to  be  kvoti^  id  the 
developmedl  tdf  beftiJa  typed  of  canotr,  diabetes  and  wsDpl^ 
caUons  of  dkbettes>  the  eeai^ior  itskedve  FRC 
A  ntdlot  got!  Gimmy  Mnmt  tyn^m^  Idhaies  are 

Also  often 

taking  tytpdiik  kin^^  tAr||ebi 

%t<^es,  homones  and  growA 
vale  spe^  teecplpr^^^  of  dgnal 

Iransd^On  path'i^]i^  were  ehid^kd  by  identi^  the  ipe** 
die  protek  iinaK^  (kscfl^  aJoag  with  fheir  downstream  tail* 
|eis,  whieh  indude  soihe  ipbi^  tabors.  Prch 

kid  kinases  act  k  reguktery 

pokcufek,  #^«hisi  of  ap<J|^pdc  tochte^  transaiptioii 

kctoti  via  pathways^^^to^  pekbb&Pv  different 

Ip:  dbipd  .It  Mtk^  'COtnphdepjll  in  :  tpnidtk  path- 
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Proteiii  phosphatase 

JFig;  i;  kffl^e  and  phosphat;^  $w«U:he  for  ill- 

tefiftg  protBia  fucictioa.  Fratc?iii  pliPsph<?r>taUu«  a  poH- 
’iirajuiational  modification  In  cedi  that  is  r>cv4;rsiWe  hy  the  action  of 
phosphatases.  It  is  one  .'Qt  the  roost  iroporUrot  mechanisms :  used 
cells  for  sign^  imasductipn. 


FEOtlSSN:  ^  ARE 
:GkOWED:]^NOTONALLY 

1;^  auaiaa 

acid  chthly tic  domain  that  b  the  control  Of  a 

sOpafOt^h  tcgUlatoty  or  snbiinit.  Hanks  and  rfanter 


GtPorATP 


kiprUh^ 


Tyr  Jteddiaafiuid 
.-al'tcOid'pnJOsifl  tUndhsBi; 


have  clai^ified  them  on  the  basis  stiii<^ral  and  Tt^ 

Upnal  properties  (14).  The  protein  kifiase  "phylogenetic  If ue’^ 
(Figure  2)  was  derived  teta  aligning,  kinase  don^  aauao 
add  (14).  There  are  five  kinase  categones:  1)  tbO 

cydic  ttiicieotide-jre|hlated  Md  phdspkoiip'd-TcguIated  k[« 
naSes  ^nd  tlhosocial  jS6  kinases  (AGG),  2)  the  Ca^^/ 
Oalm<>duiin  idnasejs  (GaME),  3)  ibc  ^dm-depe^n 
(CMGG),  4)  the  proteb  tyrosine  kinases  (FTK),  and  5) 
‘"Other-  leases  the  four  majot  groups.  Mem¬ 
bers  Of  grOnps^^^s  For  esampie^  both 

■tbe;.  AGG':-^itftd>.G3ME  ■gronpS;  phosphoi^late  ■semefthreOdm^ 
residues  near  argiiiinB  and/or  lysinei:  Members  of  the  serine/ 
ihreGoitie  kioase  group^  GMGGi  pho^p^  serine/ 

ihreoniae  in  proUne-nch  domains.  The  CMGC  kinases  have 
larger  eatalylie  domains  than  other  kinases.  The  FTK  gro 
inetudes  both  receptor  and  non«feceptor  kinases  that  phos- 
phorylate  t^sine  residiies;  Other  kinases  can  pbpSphorjdate 
either  serme/thcc<mide  and  tyrosine  re^dues  and  some  are 
termed  dual-speciMty  kudases.  %ie  ceMar 
kinases  was  elucidated  initikliy  by  broad  spcciiicity  inhibitors. 
With  the  rapid  ejcpanston  of  Dbi A  sequence  databases,  h  is 
likely  that  addiuonai  kma$as  will  be  diseovered. 


'©iagrlun  xd  the  aa|i3f  famyjes'hf  proiem  kft^se^;;K:iri^.^  am  shaded -bEack.  T^ 

'^oup'  mcludes  gychc  nudeotide-dependent  prpmte  kiuas^  kioaSe'  A  (FKA)  Protmti  kin^sti  G 

(Pi^d))  and  lipid^depeade-Rt:  prptein  kittase  C  (PKGI.  families,  ifte,  showii,  pkO 

comains  a  eOMF  wimh  i$  shaded  giay.  The  regulaforyitlpmam  :pl  PKCis  also  shaded  gray.  The 

CaMK;  group  shovira' the  shaded  autoiegtilatory  Uom  that  hiuib  Ca^t/cahiigduim).  The  GMGC  group 

■G$k’S:Bmil!G5v;Tlie  ^pIK' ^  $ru  family  add; the SOfE 
ETK  iaMily.  The  M-tetminal  mYristoyl  (Myry  modibcadon  aJlaws  forracB^ancvS  The  $MZ:md'SU3 

.domains  are  shown;  RTKs  contain  trartsmembfane  (TM)  and  extraceliuf^'  banding  domains  for  ligands  (checked 
shading).  The  '‘oiher  group  ‘mdudei  MT.K;  Raf,  and  ihe  TGF-p.recepmr  and  MM  kinases.  Kaf  kinases  have  a 
Ras  binding  domain  {R81>).TheTGF'*p  rW^h^r!i  have  cTdracdlular  ligand  binding  domains  (checked  shading) 
•a.ndTM  domaitts.:  The  LiM  iuid  In  UMK. 


DEFHOSFBOMYLATIpN 
PROTEIN  FHOSPHATMES 

Bephosphorylatson  by  pb□$pb^t^^ses  pl^ys  aa 

iiaportant  ruic  ia  cellular  processe?.  Prb-^ 

bin  pbosphatascs  liaye  specifiatiS^  toi  are  as  dfarmet  as 
thos&  of  ihe  protein  Icinases,  and  a  similar  nnmb^r  at  gmt$ 
encode  both  family  membErs  {IS, 16).  They  ate  classified 
based  on  substrata  spcciMly^  depeiiden^s  on  metal  ions,  and 
sensitivity  to  inhibilmV  agents.  Table  1  stimmarizcs  ihe  dish 
trtbution  and  leaoTO  inhibitors  of  protck  phosphatases  which 
have  been  demoasrratsd  to  play  rOk  In  signal  transduction. 
They  possess  a  23Daiim3.o  add  cntaly tie  domain  and  contab  a 
niinbcr  of  regbaioiy  subunits  that  govern  ^ubcellute 
[Mtian  and  emqmfiatic  The  activities  of  PPl 

and  PP2A  are  bilependeot  of  metal  ions  (15,16),  the  cata¬ 
lyse  subunit  of  ?F1  bin#  Id  regulatory  subunits  Aat  deter¬ 
mine  PPl  snbociluiar  Ibcaikation  and  actmtjr  (V7)  whik 
Pl^A  hi  ^activated  by  transient  phoapfa^laUda  of 
re^dues  on  the  mplecuk  (18).  FB2B,  aho  as 
tin,  consisU  of  a  catalytic  subimit  {A-subunk  6kPa)  and  a 
reguiatoty  j^uhnnd  i9kDa)*  It  fe  dependent  oa  the 

complex  for  cOmplek  activation  (19).  Over 
40  protein  tyrosine  phosphatases  (FXT)  have  been  character* 
Izek  Specific  aedyators  of  ptotein  phosphmlises  ore  still  being 
sought  The  VI,  and  €16  ceramides  Ait  reported  activators 

of  prdteiii  phosphatases  (21-23), 

nis^RAFEm^ 

TOEATINf^CrANCE® 

Cancer  iachide:  (iy  ^  tumor 

•cell  ptobferadon;  (ii)  mducihg  tuntof  .-^l  tfeth  by  ia«^oi5is  ot' 
apoptosis^  (iii)  iidiibiting  tnin^  (iv)  faciliiathiS 

host  hnmtioe  system,  (V)  inducidg^^  Vegetative  tumor  cel3s  to 
undergo  terraiiial  differentiadoii,  (v|)  inhibiLing  meta^Uses  ^ 
inhibiting  tumor  cell  adhesion  mid  mvasivene^  of  normal  tis^ 
'■^ex. 
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SibdiMb  OitlshvMadare 

I^OSINE  IdNASES  AS  tHEKAFEUTIC  TARGETS 

ik<»nt  eifoTts  in  drug  design  have  targeted  spe«  hV 
liases,  Ras Is  one  pf  the  most  frequently  mulatcd  piicogebes  in 
human  c^cer^  (^^25),  and  dowpstfeani 

eyent  of  tyrosine  kkose  activation.  Tharefoie  modifiers  of 
tyrosiie  kiaa^  arc  arctiyely  being  invesfigaiik  as  andHsan^ 
dfui^^  C^opl#niic  tyrosine  kinases  frequently  cod  tain  SH2 
and  SH3  dommhs  {sre  Homology  2  mad  3  domains)  which 
mediate  Inira-  and  kterpf oteih  interactions  (Figure  2),  SH2 
doaimns  bind  to  phosphotytosine  sites  with  fiankmg  amino 
addi  that  arc  spi^nfic  for  the  partfcblar  SH2  sequence,  and 
SHJ  domains  lat&  on  lo  proUae-nch  regions  (16), 

'^Receptor  tyrastne- teasel -(^T  of; which:  are 

grpwih  latior  receptors,  are  glycopfotems 

With  a  irnembf  one  Spanhing  dam  ain  aiid  a  conserved  i^oplas- 
mic  tyrosinE  jtinase  doniam.  Tlie;  RTK  supeif amily  consists  of 
18  m  vortefet^  mtd  imdudes  ^ 

including  inMih%  fibroblast  factor  (FGF),  opIdefmM 

^owUi  factor  (EQFJ,  hepatoc^e  ^owth  factor  (KQjP)^  ejp!« 
detmkl  growth  factor  (EGF),  pklekt  denved  ^dwth  factor 
(FDGI^^  ikd  vascuto  eRdotheliat  growth  factor  (VEGF), 
and  many  other  reixtpdor^^^ 

There  is  consideralble  structural  similarity  ainong  each 
R’^rK  subfamily.  Related  receptors  usually  bind  related  h- 
goads  Sdeh  as  the  HER  family  of  receptors  (EGF  receptor, 
HER2,  HER3  and  HER  4)  and  th^  ligmids  (TFG  W),  am* 
phiregtiHa,  htpAXin  binding  EGF  (HB*EGFX  bctaeellulb„ 
and  hekgulia,  Eu^i  of  fiiese  i^ptoim  w  two  domains 

that  share  the  conserve  pattoni  of  nearly  50  cy^ 

tetoe  T«iicittesr  addidoua^^  of  the  ligands  contains  a 
odnserv^  Tiidtif  of  Cystoinc  sextet  present  in  the  prototypical 
-Eordo),. 

illpding  of  a  ligaiid  to  an  RTK  leads  to  reoepcor  diiher* 
kattdu  mud  actlyafidn  of  tji^  intracellular  catalytic  (kinase) 
dommn-Th  the  cutolytb  unit  of  one  receptor  sub- 

unit  pfephoiylates  j^ccific  fyrCsmes  in  the  other  subunit 
The  phosphoirylaW  phosphorylate  or  interact 

with  diher  adaptor  and  ^^aling  took#^ 
lyrosmes,  trig^Hng  a  cascade  phosphoiylafions 

and/or  deph#pfipryiatidns.  After  a  sen#  of  downstrEmn 
events  involving  i»vera^  the  signal  reaches  the 

nucleus  b  the  lotm  of  a  mdke^e  WWch  ca  ah#  the  acfivhy 
of  tik  genetic  rnachinery  to  control  ceil.  prolSferation,  diftor- 
entUtibn,  cell  metaboliista,  and  even  progrbnmed  ceil  death 
(apoptosis)  (10,26,27)* 

lusidb-Mk^  gfowth^  (IGlF-l)  and  rciated  rece^ 

tors  cjdst  as  preformed  dimers  of  et  and  g  chains,  Fallowing 
activatiqn,  toe  ligaad^lnduced  pltoS^horyiattonls  sW^ 
the  RtK  pathway.  The  phosphotjfir^i^  of  the  f  cceptbr  can 
bind  to  an  adapter  moleduk  #  Hu#tm  phosph^My^ 

Inositol  (FI)  i-kbasc.  The  FT3-1<inase  with  the 

jhtraceiiulb  doniab  of  phosphoiy lilted  RTK  enhances  Fl*3 
kinase  Uclivity  via  allosteric  activation  ot  the  catalytic  subunit 
(10,28),  In  contrast  to  ?ubslratos  of  RtKs  such  as  Pt-S-kinase* 
the  adapter  mokadef  co  na  intriiisic  catalytk  activity. 
An  example  pt  m  adapter  molecule  la  this  signaling  is  Grb2 
in  the  M AF  kinase  pathway  (29). 

There  is'^trcmg  evidence  for  the  mvolvement  of  KTKs  in 
human  cancer  baJdixg  these  a  target  for  inhibition 
Exampkf  of th#e;are'^;ri5iR  (^Frecepiorjf  neu 
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{stcm*cell  factor  rec^tqr), receptor),  /n^f  ^GF 
receptor),  trk  (neurotroph^  sm  ros,  ret, 

axi  (iO).  A  niiiiiber  Of  i^opI^rniO  ^o$ine 
^rc  and  abt  behare  as  odcpgedcjs  ^en  mutated  or  inappro¬ 
priately  expressed  {10),  Nearly  30%  of  buinaii  breast  and 
ovarian  cancers  show  amplified  expression  of  the  receptor 
tyrosine  kinase  HER2  (31).  Amplification  of  HER2  gene  also 
correlates  with  decreased  patient  survival  and  a  shorter  tnne 
for  recurrence  of  disease  (32), 

Blocking  of  the  receptor/ligand  mteiactlon  is  also  an  ef¬ 
fective  therapeutic  target  Herceptin  (Genentech,  San  Fran¬ 
cisco,  GA)  is  a  huxnanixed  mpnpdonal  antibody  against 
HER2.  The  success  of  Herceptin  in  cancer  treatment  supports 
the  hypothesis  that  blocking  certain  HUCs  can  curtail  cancer 
progression.  Alteration  or  overexpression  of  RTKs  such  as 
PDGF  and  BGF  receptors  has  also  been  associated  with  cer¬ 
tain  cancers,  inhibitors  of  RTKs  may  inhibit  the  growth  and 
proliferation  of  such  cancers,  since  RTKs  stimulate  tumor  cell 
proliferation. 

Inhibitors  of  RTKs  are  useful  in  preventing  tumor  an¬ 
giogenesis  and  can  eiiminate  support  firom  the  host  tissue  by 
targeting  RTKs  located  on  vascular  cells  (e.g,,  blood  vessel 
endothelial  cells  and  stromal  fibroblasts  (FGF  receptor)).  An¬ 
other  example  of  restricting  blood  supply  to  a  tumor  could  be 
through  vascular  endothelial  growth  factor  (VEGF)  and 
receptor,  Severn!  splice  variants  of  VEGF  are  known  (e  g,, 
VBGFj2i,  VEGFi$5,  VBGFiS9,  VEGFjpg)  which  vary  In  the 
number  of  amino  acids  in  the  peptide  (33).  VEGF  stimulates 
endothelial  cell  growth  during  angiDgeaesis,  and  increases  the 
permeability  of  tumor  vasculature  so  that  proteins  and  other 
growth  factors  become  accessible  to  the  tumor  (10).  Broad- 
spectrum  antitumor  efficacy  of  an  oral  dosage  form  of  an 
inhibitor  of  VBGF  signaling  has  been  reported  (33),  Thus, 
inhibition  of  VEGF  receptor  signaling  presents  an  important 
therapeutic  target.  An  extracellular  receptor  can  also  be  a 
target  for  inhibition.  For  example,  the  EGF  receptor  family 
and  its  ligands  are  overexpressed  and  exist  as  an  autocrine 
loop  in  many  tumor  types.  One  BGF-related  peptide;,  amphi- 
regulin,  is  coexpressed  in  pancreatic  and  ovarian  cancer  (10), 
HB-EGF  is  expressed  as  an  autocrine  loop  in  gastric  cancer. 


Sridlii^  Cooper 

EOF  rccejptor  is  found  in  over  half  of  breast  tumors  unre- 
spohrive  to  hormone  (I9)/EGF  b  found  in  many  ^  to 
EOF  may  be  required  tor  cell  growth.  Antibo^  to 
EGF  blocked  the  growth  of  tumor  xenografts  in  mice  (35). 
An  antisense  oligonucleotide  for  amphiregulin  inhibited 
growth  of  a  pancreatic  canCer  cell  line  (36).  A  variety  of  in¬ 
hibitors  of  RTKs  are  listed  in  Table  2,  some  of  which  are 
already  in  clinical  trials, 

OTHER  TARGET  POSSIBILITIES 

Many  tyrosine  kinase  inhibitors  are  derived  horn  natural 
products  including  Oavopiridol,  genistein,  erbstatin,  lavendus- 
tin  A,  staurosporine,  and  UCN-01.  Inhibiton  directed  at  the 
ATP  binding  site  are  also  available  (11,37).  Signals  from 
RTKs  can  also  be  inhibited  at  other  target  sites  such  as: 
nuclear  tyrosine  kinases,  membrane  anchors  (iahibifion  of 
famesyiation)  and  transcription  facton, 

DEFINING  THE  TARGET 

Targeting  the  signaling  potential  of  growth  promoting 
tyrosine  kinoes  such  as  EGFR,  HER2,  PDGFR,  sre,  and  abl, 
will  block  tumor  growth  while  blocking  IGF-X  and  TRK  will 
interfere  with  tumor  cell  survival.  Inhibiting  these  kinases  will 
lead  to  tumor  shrinkage  and  apoptosis,  F!k-1/KDR  and  sre 
are  kinases  necessary  for  neovascularixafion  (angiogenesis)  of 
tumors  and  inhibitioa  of  these  will  slow  tumor  growth  thereby 
decreasing  metastases  (38).  Met  promotes  cell  migration,  and 
inhibiting  this  kinase  should  also  decrease  metastases  (39). 

The  usual  criteria  applicable  for  evaluating  conventional 
chemotherapy  drugs  may  fail  to  detect  the  efficacy  of  drugs 
targeted  against  RTKs.  Inhibitors  of  RTKs  stabilize  the  tu¬ 
mor  in  terms  of  cell  proliferation,  normal  cell  loss  via  apop¬ 
tosis,  and  prevent  cell  migration,  invasion  and  metastases. 
These  drugs  are  likely  to  increase  the  tune  required  for  tumor 
progression,  and  may  inhibit  or  attenuate  the  aggressiveness 
of  the  disease  but  may  not  initially  result  in  measurable  tumor 
regression.  Therefore,  specially  designed  trials  are  needed  to 
evaluate  the  usefulness  of  drugs  designed  for  RTK  inhibi- 


Table  2.  Inhibitors  of  Receptor  Tyrosine  Kinases 


Inhibitor 

Tyrosme  kinase  target 

CUmcal  trial 

Source 

Genisteis 

EGF-R,  V'Src 

Herbimycin  A 

EOF-R 

HNMPA-(AM}3 

IR-K 

Lavendustin  A 

IRK 

Tyrphostin  23 

IR-K,  EFG-R 

PPl 

y-sre 

Pfizer 

PP2 

v-src 

Pfizer 

ZD  1839  (Iressa'^) 

EGF-R 

Phase  1  (NSCLC,  breast,  colorectal,  ovarian,  renal,  esophageal, 
pancreatic,  and  mesothelioma  solid  tumors) 

Zeneca 

CP-35S774 

EGF-R 

Pfizer 

CGP  59326 

EGF-R 

Novartis 

PD  166285 

EGF-R,  PDGF^R,  v-sre 

Parke-Davis 

CGP  57148 

PDGF-R 

Novartis 

SUlOl  {Lefiuuomide) 

PDGF-R 

Phase  111  (glioblastoma  multiform)  and  Phase  ll  (prostate, 

Sugea 

lung  and  ovarian  cancer) 

SU  5416 

Hk-l/KDR 

Phase  11  (AlDS-related  Kaposi  sarcoma) 

Sugen 

STI 571 

abl 

Phase  I  (Philadelphia*chi:6mosdme-positive  leukemia) 

Novartis 

2D4190 

VEGF-R 

Astra  Zeneca 

\im.  Perhaps  dnigs  will  act  sjmergistiadly 
iatilb»sd  s^^otherapeutic  agenia,  laldbi^^  RT^are 
®:ely  to  have  adv^r^  ayatemic  toxicity  sihce  tli^  are 
static  and  not  cytodd&J.  Iliey  likely  to  delay  tumpr  pfCh 
gre^’on  by  mhibitidg  cell  cycle  transit  aOowhi|  other  thOTa- 
pctiiic  tigmu  additional  time  to  cause  tumor  regression. 

An  oJtampto  of  cai^  arising  from  a  lieCcctive  tyrosine 
kinase  is  a  class  of  ALK  pasitivc  lymphomas  referred  to  as 
‘'ALKomaa''  which  display  inappropriate  expression  of  a 
ncprai-spedfic  lyroske  anaptoic  lymphoma  kinase 

(ALK)  (40)V  Many  soljrt  tnmors  pVEf express  epidermal 
^wthiifactof  liessa  (ZDIS39)  is  ari  orally  ac- 

itve  selective  EGFrR  Miibitor.  This  compound  disnipls  kg- 
jikkg  kitolyed  m  cancer  cellpro^^^^  cell  suMvai  and 
tumor  grawlh  support  lay  the  host  (42),  The  dinlcaJ  ^fficacy  of 
this  ageiit  shovA  tbaiit  is  welltdlefated  hy  undergd- 

ing  Phase  ilk  clinical  trials  (43^44),  The  compound  has  shown 
promBiing  cylofekkty  linns  (43)- 

•Maity  growth  .•  factor;'  ^hd;  ;, cytokines  -  regulsite:  'celluiar 
functions  via  the  JaauS  (JAR)  sig^  transducers  and 

activators  of  tfausenpdon  (STAt^.  Mcmbtane-associaf^ 
JAK  fcyroske  kbasesate  ^tiyhfed^  iigand  binding  to  an 
RTK.  This  preferentially  Tecrtiits  daniian^  cyfeplasmic  trmt- 
scription  facton^  (STAT$)  Whlki  sjUb^ueAtiy  a 
by  pbp$phdryla(ton.  The  phmphprylatcd  STA^  adgmte  to 
the  ;iiuclcus  and  activate  tfahsciiptidn  ..of  the  target  gene 
(45^46)*  Cells  derived  Iroitj,  rat ,  and  huinan  cancers  haVe  cm^ 
stitutivcly  activated  Skt3»  and  the  potentik  of  ^ 

cVf  has  be^,  assodated  with  ^tai3.  activation  (47, 4S).  The 

■  JA^-  iftMMtoc  A<j94Q  preventJi '  Statl  activation  ^  and  .stip- 

the.itowdi  of  humsii]  prostke  ckicer  cells  (43)^ 

DNA  PEFilSfPpfl /FHOTElbl  KINASES 

PbrA-dtpendent  protein  fcliiase  (DNA-'FIC^^  is  involved 
in  the  r^p^ir  bf  doubk-strand  broaksih  This 

enzyme  rc?quhes  ends  of  double  sttahdbd  liNA  or  tranxitib^ 
■;fkoin  slnj^e  strXhdedVo  doubfe-  str.mided  ,dN A  k'  br tier  to.  adf 
.as  a  Bermc/lkcoiime  kma$e:(4?75^^^  Cells  with  defectwe  or 

■  deficiehttt  activity  are  unable  to  rep^  racUhtiou  ija^ 

:;duced  C^A'.doufefe 

Silive  to  the  lethal  effects  Of  ionizang  radiation  (5SI-53),  DNA- 
rk  dependept  repair  of  DNA  double  sb:aiid  break  involves 
DNA  ligasc  IV  and  XRCC4  (53-55).  Inhibition  of  DNA^PfC 
hais  the  p^^tenlial  t  efficacy  oi  antituruor  treat¬ 

ment  with  radKatson  or  chemotherapeutic  agents, 

iMlAJmmM  REdiOTAlTON;.S^  CYCUN ' 

Progression  Through  the  cDn  cyde  is  controlled  In  part  by 
a  sertes'  of  fegiilatory^rntticLijlcs  cahedc^^  and  the  cyclin'* 

dEpenden  t^kinascs  {CjDk)  which  they  activate.  In  adtiition  to 
Ihc  cydiiis,  CDK  activity  is  also  regulated  hy  phosphorylation 
arid  depiiosphorylation.  Cdlullr  inhibUots'  of  COKs;  also  play 
a  m^jor  role  in  cell  cyck  progression  (36),  Alter jations^^ 
expression,  function,  and  structure  oicyehn 
encoimfered  in  the  cancer' phenotype:  Therefore 
be  important  targets  for  ifew  cancer  foerapeutic;  a^nts:;CeiS 
cyde  perturbations  occur  :b  tumors  aUd  tUmot  cells  treated 
willi  foiiizirtg  .fodiation  and  or  chemotherapciiik  agenia , 
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Whether  or  not  the  DNA  d^age?  caused  in  cells  feads  fo  cell 
death  depends  on  aormai  cell  cycle  control  mechanising  that 
are  in  place:  Gteeii  chemotherapy  i^sfaht  odls  tend  to  ^ 
cape  apoptosfei  Under  certain  dreumstano^  foappropdafe 
CDK  activatiaij  may  cycii  promote  apoptosis  by  ehotiuragmg 
the  p^^ssion  of  the  ceU  cycle  under  unfevora^^^^^  oondi- 
tioH  foitosk  wfofe  DNA  damage' » largely 

uiirepja^ed.- 

INfOBmON  OF  CDEs  TO  INDUCE  APGI^^ 

CANCER  CEUA 

Purines  and  purine  a«:alQg$  kb  j^  GpK  Ifdii^ 
vopkidol  (L86-3,275)  is  a  flavonoid  that  causes  30%  growth 
iTihibitinn  of  tumor  {:eljs  at  60  nM  (S7).  ft  also  inhibits  EGFR 
and  protein  kmase  A  (IC5a  about  100  f^M)  (57),  Ravopiiidcl 
induces  apoptosis  and  inhibits  Ij^phofovmyelofo 
prostate  cankr  cells  grown  in  yivd  as  iiimpr  xehografiX  in 
nude  fofce^  At  tjfe  molkuto  levei  flavopirtd 
ftsnction  and  arrests  cclk  in  the  6^  and  G|/S  border.  Both 
qycteg  ceils  are  ^Ifed  by  fiavopiridol  At 

cpnccEitrations  above  1  xmcrombtnr,  navopindol  loses  Its  se- 
and  starts  hfoibltfog-pther  kfoas^-(c,g,*;$'|ibMis’’foe 
iCjp  for  j^fefo  Idnase  C)  (57).  Staiftbspome  and  its  deriva¬ 
tive,  UCNfll^  ill  addition  to  fofobiting  ptotein  kfoas®  C,  in¬ 
hibit  cydin  B/CPK  {iC^  3  lo  6  nld),  StHurospprinc  is  toxic, 
but  its  derivative  7-kydfoxystaurosport  (UCN-Ol)  Ms  ahti« 
tpnor  properties  and  is  b  clifocal  trials  (53).  UCH-Ol  aJOteeb 
the  phpsphbryiatipfl  of  COiC«  and  altera  the  cell  pycfe  check- 
pqiiii  futtt:tioning.  Tlie^  compound  hlustiak  multiple 
ititrh^litilair target?'  maybe  xstfeefod. as  the:bphcen.ti'attqn  of 
m  inhibitor  i$  iucrekM  within 

i. 

USSUE  SPECEFIOTY  AS  A  COMPONENT  OF 
IDfeNTlFVlNG^  THmAFEUIlCTAItOrr 

'i;^mo3nfeii,  a  protein  kinase  C  iniiibitor  with  anti- 
'currently  a  ^taiidkd  tfoatnietit.fof  h<yt- 
ri^ne^ependen  cancer.  The  use  of  this  compound 

foay  'lkfo^  the  'rfak  of  ti^elopbjg  c^c^-ia  pfoer  ’ tissue 
4$  the  endofoeirium  (59),  Raloxifonej,  a  reiated  cam- 
ppundi  has  been  shown  to  protect  agMhst  osteoport^is  (59), 
life  tissue  specitia^^  inhiltitors  must  be  considered  when 
Identii^g  fh^^raprude  targets. 

MITOGEN  ACTIVATED  KI^  (MAP  KINASES) 

mcarcinw 

■'SilhaivtJr^fourtiOh  to  the.tiuc.|eus4n.fespon^^  extr'a- 
■;^Hn|ar  stiiniital^  h^grawfo  fadOr  my^^^ 

;tiyafed  pfofeSn  (MAI^  klifese^ 

.profefofotiheThfeohine'  kinases  ■v^kh'foediate^  trahs-' 
dtiction  ihOT  eXftac^tiular  receptotx  Or  or  UV 

fotiiation  (sbriic  rcciiptors  are  iyrosbfe  kihase  ri^ceptors) 
(60,61), .lie^  fe  eaticeit  with  other  tignal  transduc¬ 

tion  pafoways:au  tieWfk  to  diffefoiitiyiy  .alter:  the  phos- 
phop^tiom  of  transcription  factors,  Cell  prolifera^on  and 
differemiation  in  nomai  cells  are  under  the  regulation  and 
.control  6t  multiple  M  cascades,  Abcrtanl  and  de- 

.regulated  functioning  of  .MAP  kinaseS;  .can  initiate  aad  sup- 
pprtcarrinq^ncsis  (62ife)rlnsulm^a^  at&o  activate  a 
ntitpgcmc  MAP  imase  pathway  that  my  be  important:  iti 


aGgiiixed  inaiiim  raistaace  occurittg  in  type  i  diabetes 

f  IldSPHATfOtllNOiS 
AWCEiLSmWAL 

Maay  caacdii^  become  jrefeaijtoTy  to  chemotkerapy  by  de- 
yeloping  a  sniviYa]  gtmtcgy  mvoMng  the  don$tit^ 
lion  of  ihc  phospba£ldy]ieo;sii;a|t  3-kiiiase-proteie  kinase 
B/Akt  $igaaliiflig  cascade.  This  auin4’'^al  signaling  pathway  Qm 
target  for  .tbe  deyeJbi|^tneot;ol  ;s^ 
iblubUoia  that  wotdd  blcxik  &  tunctioii 
Akt  Signaiing  h  equally  important  m  diabetes  (<5S^)  inie  path¬ 
way  dchYated  by  RllC^  subsequently  regulates  glycogen  syn¬ 
thase  kinase  3  (QSK3)  and  glticose  uptake.  Sintie  Akt  h^s 
deW^^d  aedvi^ty  in  diabefes/it  ptdi«deij  athetapcdtic: 

target  {69). 

iOQVAgfelNmBlto 

CELiUtAESIGNA^ 

Proteia  idnase inhibitors  provide  muck  of  our  knoviiledge 
about  regulation  and  (kioidmntidb  of  phy^bidgk^  ftmed^ 
Endogenous  pepdde  inhibitors  pociir  in  (70),  A  psenido- 
Substrate  aequenoe  within  FKC  acts  to  kdtibit  the  kinase  in 
the  absence  of  its  lipid  activator  (71),  A  PKC  inhibitor  such  as 
chclerythrinE  acis  on  the  eaudytic  domahi  to  block  substrate 
ktetacdon,.  while.  ^phostip^.C  ?tctS;on'- the-re:|iditOfy  .dbinsiM- 
to  mimic  the  pseudosubstrate  sequence  and  block  ATPase 
activity,  or  by  iiiliibjtlng  cofactor  binding.  The  ability  to  in¬ 
hibit  spedGc  PKC  hozym^  is  Imnted.  The  most  specific  la- 
jbibirors  appear  to  be  direeted  towaM  the  bonvendonhl 
(tegdsted  by  plvospholipld^  calciinn,  and 


least  too  in^iBitop  of 

PRG  inliibiUiis,  bcl^^  PKC^Ijt  ^uKt  iij^jia- 

iaducett  gluco!^  Intake  0,78).  The 

dvatiott  fpr  iasiMtt  heen  the  tope  of  hujacKpus 

Multiple  FKC  tej'mes  aippear  to  ja 

TCi^latiaE  glKtto^  #iake  (■«)  and  io$uBa  resistauce  medi- 
ated  by  the  insulin  rec€^tor  (79). 

The  cavcalior  cyaluaiing  the  spedhc  fiinctioa  of  a  kihase 
using  inhibitors  lies  in  the  non-speciGc  actions  of  some  com¬ 
pounds  mid  their  ability  to  inhibit  a  numfe  of  different 
protein  kmascs  or^  it  higher  concentf  atiohs.^^mii^  iso2yniea. 
Ihe  cellular  dptake,  hall-life,  diffusion,  or  multiple  mtracel- 
lular  receptors 'm  also  considerations  whea  iateipreting  in- 
bibkor  effects  on  metabolic  and  mitogenic  function. 

Acd^ted  kiuases  can  have  substrates  that 

then  teMcked  to  via  phosphorylation/ 

depbosplidryialioii  signals.  Miiclear  fergets  of  activated  ki- 
thpUi^t  to  be  l^msscriptioanl  aciivatlon  laclom.  An- 
otlfer  meirh^i^  of  acdyatihg  jfact<m5  that  ate 

dorfe^f  in  the  cyfeplasm  Is  feiejur  feanilocildott  into  the 
fiucfeus  upon  phoaphory lation.  This  mecbahlsm  of  signal 
fean^duc^  is  observed  In  fee  of  MF-kB  proteins  (74), 

HFtkB  cpmplcxea  are  maetive  due  to  completing  widi  IkB 
fehfeitors,  bfe  upn  pbosphoryktion  of  the  regulaioiy  IjcB  by 
PiCC  and  FKA,  free  NF-k  complexes  are  dissociated  and  are 
then  tramloeated  ta  the  ntidet]^  (74). 

DlHER  MO!>tel  OP  REGtB^TING 
FRCrrEm  KINASES 

Alfeougb  some  pfotem  Idnascs  have,  fe  date,  no  krto^ 
System  of  physiolo^al  f  e^ilarlqa,  raany  are  ai^vated  or  in- 


©rowth 

factor/ligtfHd 


Plasma  Membi^ane 


Fig,  kegulamfy.:  control;  points  in  geRc  cajnesaon  by^^^^^  pathways  activated  fay  pfotein 

;?yfesh!e:!c!hai!t«s  am  regblate^^RNA  tfenfenpti^^  profesi^^ftg of  pfe^tllfelArmRNA  jitabilliy,  and 

;pfefei«  phbsphbiyfetidd. , 


activated  by  aawphosphtnj/iadoa  pbosphoTylaticm  by  «p- 

occurs  wanscriptionally,  post-trausc^ptiouallyt  and  ptral* 
(taaslationaBy  3).  Tbe  ipech^iftB  of  posMranscrip’ 

tipnal  regulatioa  is  JilwiiaWva  ipficiiii  pf  fu)^^ 

(7$):  Prot'elu  kinase  C-^f  and-pll  aie  rs^  isdfoma  of  a  sto|^ 
PKCp  gene  derived  froin.  dif&feiiees  in  the  spacing  of  tbe 
exon  encoding  the  Cucridiml  50-52  atnino  acidiii  Sp^^^ 
be  regulated  by  a  , kinase  cascade  in  iiKpdase  to  peptide 
Kjonft!  such  as  insulin  ahd  (?5)v  PKCj5l  and  ^II  hayo 

different  specffidties  far  phospfroiylatittp  medtberS  Of  metni- 
Uigen  kctivated  protein  kinase  faptiyi  for 

synthase  3p,  for  ftodear  transcription  factoresiich  asTLS/Fus, 
and  for  otiiet  nuclear  kinases  (76t?7ti).  By  pori^ 

trapscriptional  alteraative  spHcihg  of 

PkeplMcpendent  procti^s^i^^ 

Ifee.atabitity  of  tnRN^  Oih^ing  the -.P^  ^<®j^eais 
also  apparenay  regulated  by  kinase  cascades.  Destabilization 

of  PKCS  fflRNA  by  phOrbol  esteW  is  one  example  (SQ).  'I’he 
dtestabtlizatidn  of  PK?^H  mlNA  by  gluco^  is  anottcr 
in  ■which  kability  is  mridhtatkl  by  protein  kinases  (81),  Tkus, 
regulation  of  PkC^ll  espression  by  insulin  via  alteiaalive 
Splicing  of  pre-mRNA  and  glucose  of 

inSNAi  suggests  that  post-ttanseriptidnal  pWKessinE  may  be 
a  likely  target  for  allerii^  kinase  levels.  The  development  of 
antisense  ollgonMclwtides  to  inlubif  fe^preswonof  yartous 
protcitt  feihises  has  bCtsh  succ^ful-  Atiti^nSe  oHgonucleo- 
tideh  are  short  iengtlri  or  syn*^ 

cally  aiodilcd  Dl^  A  Or  RNA  designed  to  specially  interact 
With  tnRif  A  traascripte  enctKliag: target  protc^  i®*^®** 

action  of  the  antiscni*  nmiefy’ ■artth  inRNA  w*tiibiis  protein 
transiation  and/m  some  t^cs,  iwst-transcriptjonri  pto^ 

.(c.g;,  altetnatiye  spiking,  tiud  stabitity 5 .  Of '  hiRfi A,  Autisen^ 
oligondclotldes  have  bekfi  dcVelppek  fo  attet  alleriiative  spUO' 

iiig  of, BclA  tong  to  short  ikRIVA  fqtiiri^^a^ 

trsrtsiatiotv  of  Fk,(3ii;  and  PffG  ?  (^)* 

BROtklN  KtNASB  thoaian 
C^ttlOVAtolAR'OISEASE'AND^ 

COWlPLlCATittNS  IM  DIABETES  MElLlTUS 

t*rofcia  kinase  C  isofotms  have  been  implicatedlaf  (mIIu- 
lat  Changes  observed  in  the  yasuular  compHcations  of  diabc- 
teS.  associaied  with  iucreased  lev^)$  o£ 

PKCn  aridB  isbfoWta  to  renal  gltMnefuli  of  (1^)- 

0rai  stdiatoistralion  of  a  EBCCft  ipbibUor  prevObt^  the  to- 
cieased  to'f^A  expression  of  1^E-|3I  and  cxtracellolar  ma¬ 
trix  component  genes  (72);  Administration  of  the  spedfi-c 
PKC|5  inhibitor  (LY333531)  also  nonnalized  levels  of  cjflo- 
fcines,  caldestaoa  and  hemodynjiinics  Of  fettori  and  renal 
blood  flu'W  (72).  Overexpression  of  the  PKCp  istfforai  to  the 

niyocardium  resulted  to  ctodiac  tiypertfoptiy  and  failure  (72). 

Tlie  ttse  of  l,Y333S31  to  prevent  adverse  effects  of  cardiac 
PKCp  oveicxpressipn  to  diabetic  subjects  is  under  inveStiga- 
tibn  (72).  llie  COBipduod  is  also  in  Etiase  tWn  clinical  trials 
tor  dtobette  retteopathy  .and  diaitofic  macular  edema  todieat- 
ing  that  itmay  be  phatmacbdynainically  active  (83), 

CONCl-liSIONS 

Our  otigtoto  uhde^tondtog-oiifktoa^^^^^^ 

cellular  metabolism  arc  based  oh  work  by  Krebsv  Graves  and 


isa 

Fisher  (84),  more  xeceh%  tofpiraatiqa  proyided  W 
tigutiton  00  such  diverse'  spede*  as  P,  $,  e^- 

emiae,  D.  has  iden«iied  iieyv  kt 

has*  genes  and  allowed  clotodg  of  th*^ 
pa^  (1,3).  The  further  US*  oT  pepfide  litirarics,  piptan-RNA, 
prolein-DKA,  and  pfotein-proiEin  interadtibn  systems  wiU 
advance  our  utldetstandiisg  of  kinase  specificity  add  hOw  ki* 
nases  are  regulated  by  protein  interaction,  and  will  provide 
5  additional  mdiECUlar  possiWlities  for  drug  tototVtoitioh. 
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antiesttogens  at  10  micro  molar  concentration  for  three  days.  Cell  viability  was  assayed  in  triplicate 
saitipjes,  using  the  MFT  as^y  and  the  lCjQ  yalues  for  dOxbrubicin  alone  an  iCj^j  values  for 

doxorubicin  in  the  pcesencedf  the  eycloprdpanes  were  determined.  Cpmp^  gave 

the  exteht  of  reversal  of  ddxotubiem  t#ist#ee  atffi^^^  leyek  Bata  for  eleven  effective 

compounds  are  tabulated  below  (liable).  Seven  out  of  the  compounds  were  comparable  to 

lamoXifen  in  terms  of  their  abiUiy  to  pyereome  multidw^^^  Usted  in,  the  table  are  Analog  II 

iuid  diethylstilbestrol  {DES),„ which  had  ho  eitect,  as  well  as  dienestrol,  vvhich  caused  1,6  fold  reversal  of 
h©R.  These  cyelopropyl  feivat!Ves  hhVe:the  additional  adv^tagc  Of  heihg  pnm  hrtiiesttOpns  that  may 
.ftot^be'associated'with' the'  Bhk^:of  fcndonietrial  cancerv 
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Abstract; 

Eosdihibiciri  is  a  potebt  aaticab  used  for  featiag  a  wide  range  of 

;  lieoplasiasdneiudmgiat^St,  TBp  ftrtljtdiaieal  potentiai,d£ffi  hasttbi  bcdii 

attained  bee ause:pf|ts  oardioipxic  aide  dffeete::t^^ 

in  iiiMoxS  can  also  romiraiae  tbe  enicacy  One  mechanisin  ofmtiiiidmg 

resistance  in  ttunpr$>is  itssbeiated  With pverprpduettpb  of  a  pefipeabW^ 

Jbat  acts  as  an  energy  dependeEit' transport  ptiinp.  Thir glycoprotein,  pump  facHitates  the 
efflux  Of  doxombiciii  aird  a  variety  Of  Stniciprllly  urireiated  cancer  drugs  out  of  the  cell. 
Cells  that  overexpress  Pgp  arc  teffaetory  to  conveiitional  chcntoilierapy  because  thew  iht  1 
to  aecdmulate  and  retain  iethat  concentfations  of  the  anti^cauter^^^^  In  this  paper  we 

eqnippe  two  stffBituraUy  tplatedaikaloids;beiberirtean,d 

modify sensitivity,  and  the  cytotoxicity  of  doxorubicin  towards  MGF-7  clone  10.3 
ffttiltidrttg  f  eSi-startt  hirma|i  brea.st:  cancer  oefls  ift  culture . 

The  institute  for  alteiftatiye  niedicine/NIirhas  identified 

evaluation  as  anti  cancer  a|ertfc?.JRreliminary  Studies  indicate  that  tetrandrine  is  superior  to 

beiheriuemiehsitiz%g:thulddriigreristattt;MGF-7;cIohe|0T3;eeiIs  towards  db^^^ 

Tetrandthie  was  ihOto- cytbto^^^ie  diatx  beri)efin.e  ev'ea  tn  the  absence  of  d^ 
profiles  and  shajses  df  the  dose  response  curv'es  were  different  for  druga 
resistant  cel  is  .treated' .Withigraded  dpses  of  dbxpriibiein. 


clieifiifijhewpy  usta^ 

dexorutiicin,  iAdriamycin^  i5oxonibicin  is  cjwdiotexici  For  opHmiim  iise  ofdoxom 

iids4&fessMy'td:(^eredtt^vfaitt6i:;.rpSst^ce:  tb  dri^iMulep^^ 

Pe<:Wp$ld|it3fvglj'cpRrpJeia|F;g|>|is^^^^^^^^  Oplfs  with  hj|h 

levels  of  (P^)  £i«:teMctd]^  &  doxurUbimn  treatment 

spfficieiif  conccatrhtidn  of  the  dtujg.  This  transnieihhi^e.pidtejtt^^^^^^ 

efflux  pump  for  a  ■#ide  range  of  statciurallv  diverse  ^totoxic  drugs,  bvcrexpression  of 

■nfiit  gfeaeS  is  otfe  of  associatfed,  With  ffliiltidfug  resistSnce  of  tumors 

( f-S).  Potent  antfcancef  dmgs  such  as  doxoriibipiii,  etoposide;:pacl|taxoland  vinctistjee 

Are  among  those  affeoted  hy  niUlHdrugresistaflGefMIiR). 

There  are  several  pre;ielihical  arid  elMicaf  investiiiatidrts  of  eh^ 
arid  restore  driig  seteitiyity  in  :M^D  cells  atid  tumor.s.  The  eateium  ehantiel  blocker 
vefapamil  and  the  ariti-estrOgen  tamoxiicri;  are  cheirioinodulators  dial  pafflally  overcbnre 
MDR  in  Vip’o  arid  in  vivn. 


Befbefine  is  h  riiajor  ebiripbrient  Of  the  medioMi  Iterb  ^dpti^  rhknrna  {kriowri  as  ereri 
ill  Japan  and  to  Ghina)  that  has  beeii  used  in:  A^rvedto  and  bhtoese  niedictoe 

for  tteatirig  a  varietj'  of  diseases.  The  alkaloid  tetriandririe,  present  in  the  root  of 
iStopi^toid  totooBrypfiVh^^  hi  C’hiriese  nredtotoe  for  the  treatmeht  of  arthritis. 

Berbertoe  and  tetrandrine  inhibit  proliferation  of  cancer  eells  to  euUure.  flie 
mOehtoiisms  of  actiori^O^  drugs  are  riot  ele4ri  In  this  cbmirirititoatibn  we  are 


i 


comparing  the  two  alJtaloids  as  modifiers  of  doxombtcin  resistance  in  muttidni^’ 
resistant-breast,  cancer  cell  line' M6fe7  eione^  w 


.Olrdtdtpxicig  pf  doitdni^iciit  may  arise  irdmife 

tri||er  free  radicaf-mediafed  injrriqr  (S|.  Maiiy  s^nidielic  and  aabratspaDipotm 
been  t^tgd  &t  their  ability  to  imt^dn  as'dberiibmdduIatQrs  of 
resistadccto  doxbrubibift.  It  iyitnpojritnt  td^^M  cohditipfiS  under 

chemoittoduiatorseriSitizes  the  heart  toihe  deleterious  cfifcctsPfilDxombiciri.  Free 
ifelicals  arcMpwntp  indueeapopiPsis-  iThetPfPfP  ihPreis  m 
compovmds  that  sensitize  muMding  tpsistoit  'cglis  to;  doxorubic)^^^^ 
sintultapeously  to  protoefc  against  drug  associated  edrdiotoxiciiy. 


.  2,  Methods  an  d  Matertals 
Id.lGhmiicSs 

Tetrandfine  and  berberiiae  sulfate  were:  purchased  from  gigma:  Ghemical  Co.  Tissue 
cultorP  Siippiies  M  asaay  kfts  iinVittogen,  inc. 

2.2.  Cells 

MCF-1'  human  breast  cancer  cells  and  its  multidrug  resistant  :variant  Mc#-?  clone 
lO.T  cells  (■? )  were  ciritihed -add  piaintaihpd ids  Mpoh&tialnioaplaye^ 

5%  earbpndiPxide  pif  atmosphere  in  a  dyfC  ijicubat^^^  1 640  mediumipttified  tvith 

10%  fetal  bovirie  sefmn,.gl^^  f2inM),  sodium  pytuvate  (I  tUMj-and  lOt)  units/tnl 

pachPfpehicilliiitoid'atTfepte^ 
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|M^;^:t0c{ioxdii^  cl6rt^;-10i3;,  i  i#ttitfifug:r?!5isiaE^  tfiaf;is  ■ 

rc^istaiitto^d^^srobticifi witlJcJssj^eRibidii:^  |n4  tajcawbtoatjoo 
betberine  sutfde  mid  /  or  fetfandme.  Geli  viabili^  ;#as  deteriamed  assay  based 

oft  a  .teijKt^dHwd  dye  [3^(dy5'dipeibyltbia2dl“2-yl)'^2,d-^d^ 

MTT^  p).  The  effects  of  various  coacffltta.ti^^  berberffte  and  teriaadrifte  oa  the  two 

cell  lines  vvetb  sludied.:  '  The  ellects  pf  ebnlbilicd  fecatmMts  wife  the  alkaloi^^ 
doxonibicift  bft  ceil  viability  l^ere  aftalyzed,; 


3.  Eesults 

MCT-7  clone  10.3  cells  wore  soveiftl  Md  resistant  to  doxorubicin  compared  to  MCIT- 
7  ivild  type  cells  (  Kg.  1).  The  cytotoiciciiy  of  tetrandrine  towards  MCF*?  clone  10;3 
Cells  and  ld<3F-7  Wild  type  cells  are  (Fig.  1)  ,  The  difteMnces  in  sensitiv 

fee  two  cell  hnes  to  tetrandrine  is  not  as  dramatic  as  those  obsenfed  with  respect  to 
doxonibieih  tdxicitj'-  (sce  Kg.  1  fer  crimparisOn).  Berberifte,  oft  its  oWm  lyas;  toxic,  to 
MCK?  wild  ty'pccfels  Oyer  fee  I0:fe  raftge.  Adding  4  pM  tcriatidrirte  to  the 
difercftt  cqttccfttetlbnsollbefecrine  Oftiyslightlyfe^^ 

MiCF-7  wild  type  ccils.  TetraRdrine  at  i  .frM  level  did  not  aftect  the  cytotoxicity  of 
bcibciihc  wWardsd^ 

Bcrberine  WMCldOtoxiciri  fee  10::  fe;  SO  dM  range' 

MC;F-7  clone  1 0,3  cells.  Irt  the  casepffeesereri'stant  cells,  the  cytotoxicity  of  berberine 
was  inereased  by  the  addition  of  S  or  4  minfeiftolar  icirandrihe.  (Fig.  4).  MdteDver,  the 
Wild  type  and  multidmg  f  esislftat  MCF-7  ceils  did  not  fefier  much & 


t>t 


bSrbefiBe. 

ic^illijS'es-tp  feprubiein  <sP0:Fl.g^  t  fpriCbinpaTispp),. 

f  he  cytotoxicity  ofdoxombfciA%'ti,*afaS:ffe  lype  parOntaliMCF-f  ceil  tine  was 

oaty-MghflvaftecteUby  ihpMtiei^fr0|ea.^t^^^^^ 

dj'asticaliytfpduoetJ  ^syhcji  tistrhndf  bt  20  itSl)  Mas  6Qialiitj£cd;.Mirli.  doxofUBioia 

(Fig,.  S)r  :ThB'UpsbS  0f  teb  used^iP  this  Base  wensxatlipr  faighj  jB  yMw  ipf  thd’  fact^ 

that,  tetrandritie,  cytotoxic  evett  m  thp  ahsence  of  doxorubicin. 

Similar  experiments  showed  timt  berberine  (10  or  20  |ib.l),decrcasei  the  ceil  survival  in 
the  ease  ,of  MCF^t  Mild  bells  treated  with  grided  cohebhMatiQns  of  doxoriji^^^^^^ 

(Fig,0).  GotnbihatiQnS  Qf  tetrandrine  dad  ber^^^  cell  survival  of 

mGP-7  cells  treated  vvith  diftei'ent  concentrations  of  doxorabicin  (Fig,;  7).  Rather  high 
doses  of  tbtiUndrine  were  used  iu  these  expcrimCuts.  The  res  the  dominan!: 

effect  of  tetrandrine  at  these  doses, 

Tanioxifen  (10  (iM)  clearly  sensitized  multidfug  reststatit  ikCF'7  clone  10.3  cells  to 
doxordbicih.  tetian.drine  (2.  5  to  10  fs&i  raa|b)  decreased  the  cell  siirvival  of  these 
muitidragrCsistahtcells  treated  With  #aded  doses  of  do  Tetrahdfihe  is 

teiatiyely  non  toxic  #)■  these  Cells  This  lowdpsepf  tetfandrtnei  w 

effective  than 'tainoxifen,  which:  is  an  effective  tnultidrng^  rt^^ 
overconjkg  resistance  to 

Berberine  (20  0M  and  dO  jJih'I)  did  fldt.,inflnehCe  the;c^^ 
towards  toultidtog/fesist^t, Cells.  Berbefiae  was  ineffectiy©  in  ovefcomiag  .tesisitancc.io. 
doxoniblcln  (Fig,  0).  Combinations  of  bertrerine  and  tetrandrine  in  the  presence  of 


6 


this  casb  ftb'cytbtoxie.  ct&ct  of  tctraivdiinc  inay  the  dbrtii'iiantfactor- 
4*  jDbcussiou 

f  ttbfb  if:ebrtSidira|}le:  iai^stM  thb  .ittfedKinaj  j^tdpbtties  bf  htf 
{  9,  i  0 ).  Recently,  thfe  ^Talibnal  lnstitut<^'  of  Health  has  idealiilcd  these  natusral  products 
for  fiiither  investigatibM-aiahti  bfflcef  Berberiiieihas  shown  to  Inhibit 

btoecr pell  pfoMtbratibft  (11,12  ),  Both  these  alMoids 

appeiK  to  be  substrates  fbr  AtB  binding  glywprolcms  associated  witb  mulUd^^ 
resistance  (1547  )/Thci^e  ate  isolated  f^otts  that  befberineilay  altbf 
protems  associated  with  14 ).  Upjegitlation  of  geneS  assoeiated  with 

mullidrug  resistance  has  been  reported  in  cancer  cells  heated  with  berberine  (14,  i  S). 
BaSed:  on  these  r^brts,  berberine  should  prdtClH  againiit  dbxbmbicrn  idxibi^^^ 
mtihidrug  rcsi$taM  MdF4  clone  10.3  cellsi  Our  experiments  indicate  that  berberiue  is 
not  an  effective  chemoserisitizet  of  ihultidrugresistafit  MGf ‘•7  clbne  10,3  cells. 
Upregitlatipii  of  protfciM  such  ts  Will  irictease  dpg  reSistaiiCh,  while  doWTi 
regvdation  of  the  satne  will  decrease  drug  resi  s  tance. 

The  wild  type  and  Tnultidriig  resistMt  l^CF^'celUitieC  sh^^ 
scnsitiyily  to  dpxOmbtc®  fipt  totetranrfrine  or  berberbe,  Both  berberine  and 

tbrandrine  were  Cytotoxic  to  both  cell  iraes  even  in  the  absence  of  doxorubicin. 
Berberine,  which  has  befenfepprted  tbiubtegulaie  the  ekpression  of  prdteirtx^'^^ 
with  drug  resistance  did  not  sensitize  drug  resistant  cells  to  doxorubiem  rnediated 
eytbtoxicity,  Tetrandri«e,fnifii;pcoha’asf  whs  effectiibdnbyebm^^^^ 
ddxorabiem^  The  effeetdf  tettandrtne  w^^^ 


repprts ;on  reversal  of  raultttog  resi^^  in  pncer  cetls  by  tettanilrfHe  ( I  ii~  i  §5. 

Ill  view  ofthes^-Mb^tiiiife.si}lig,CMiber.wbfk  ii 

,^^rtciated#itbtltgjba)attaebtb|ii!sy.^ef|^ta'b^ 

Thi^,§tudy  demonstfajs#  that  tetrattdfifte  is  ariimjibr^ 
to  dd?^orubibin  toxicity  to  ^  bteast  eaiicet  cOJto  toto:  express  the  MPR  pten^^^  To 

our  knowledge,  this  is  the  fitot  study  to  deraonstratd  to^^^  tetttoidrine  also  potentiated 
doxorubicin  tyiptoxicity  despite  ttetotoeotWto.l.T  berberifte.  Tliis:  to 

bcrberiiie  is  an  upreiai.Iator  of  ifip, 
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Figure  1.  feomipatisdn  6f  the  SGF^7  wild  tj,:pe 

ilpwer  it^rve)  arid  MuMdrag-reisislaht'MCF?? elone  Multiwelj 

pfeiel  wgrri;§eed!id  with:  Mt  :diou$and  :eeils  per  irici^ated  overni^t  lor 

attachfrieM  to  the  sribstratuni  and  then  treated  with  diffe  of 

ddkdriihfeui^  arid  deir  tiribii  I#  W’  ripriyed;  htntts  |a^  risririg  theWT  rissay, 

Figurdii ;  Cotriparisdri^  6f  thedytbtoxitity  of  teiraridfirie  towards  MGF-7  wild 'type  (iowet 
cirye)  atid  multidrug  toMstant  MdF-?  eloiic  10.3  cells  (upper  curve)',  tviidtlwell  cluster 
plates  were  seeded  with  ten  thousand  cells  per  well  and  incubated  overnight  for 
attachineritto  the  substrawtu  '^d  diori^^te  with  diffdfent  poncentrations  (xf  tetraridrift 
ind  ccIlyiaMlity  .  wus  assayed^7  hours  later  using,  the  MTT  assay 

FigPrie^.  Cytotoxicity  ot'herberine(BER),tetrandririe,cpabinatiotts  towards  wi^B  type 

MGF-7  eells.  Attached  cells  in  96  multiwell  plates  were  treated  with  different 

fcoricenttntions  of  hfedseme  alorie  or  in  cpiribinatipn:  With  teW 

processing  for  MrTi  assay  ppep  cirefos-^berberine  alope  ;  solid 

squares  *-^  berberine  widi  tetrandrme  ;  open  triangles  -  berberine  with  fotrafldrine 

(4pM)i 


Figure  4.  .Gytotoxicity  of  beiberine  (BER)  tettanclrinc  ooUibfoatfons  towards  multidrug 
resistant  MCF4  clone  lb,3  cells  Attached  ceitsin  96  rnuttiWeli  platOs  Were  treated  vvitli 
differeiTt  Goncentratiohs  Of  berberine  aloriq  or  in  ednabltBtidn'with  tetraud 


■hoiifs  before  processing  for  MtlT  assay  for  cell  viability.  Open  squares « befbetine  alone; 

solid  Mingles -  berberine  with  teMndrine  ;p'^^  solii  squares - 

tetrandrine 

Figitre  S.  The  inflyende  of  tetEandrine  and 
towardsMOE-?:  cells:  Gcllviabiljiy  was  deteiinined.  after;  72  how^ 
drfl®ri®tconbdttfMtdds:bfdfe:kotdbMnalondmtn:d^  tetia!idirine:iq^BN)qr 

lainoxilbniit'ihebone'entj-atiqns^^  Solid  <Main<Mids-4oxon.ibicin 

alone;  solid  squares^  doxombicin  in  itie  presence  of  tamoxifen  (  iO  ;  oped  Mangles- 
doxonibiciti  wife  tetrandfine  (10  qM);  cross  (x)  -  dbidtitbicid' w®  pM) 

Figure  d.v  TCC  infld^ce  of  berberine  and  tamqxifen  pit,  tire  cytdtpxicdiy  of  doxorubicin 
towards  MCF^7  cellSi  Cell  Mability  Vfasdeiendiied 

differeni  cDiieentxatioiis,^  ip  did' presence  pfberberine  f^^^  or 

tanioxiifen  at  the  coneeairalipns  indicated  in  the  legend.  Solid  diamonds-  doxorabicin 
alone;  solid  sqwaios-  doxombicio  in  the  presenGe  of  tatooxifcn  (10  ;  opOn  cireles- 

doxorubioinxPith  berbcMeft  cross  (xj  -  doxoibbteiitadth  berbe^^  pM) 

Figure  7 ,  thO  influence  of  berberine-tetraiidrine  combinations  and  tamoxifen  on  the 
epotoxiei;^  of  doxombicin  towards  M<SF- 7  cells,  Geli  ^lability  was’detersrtifted  after  72 
hour  ttoatment;w1th  differedt  todcepfeadods'of  doxpnibibin  alone  qf  in  the  p;resence  of 
berberine  (BER)  -tetraiidritie  (TEN)  combiimtions  or  tamoxifen  at  the  concentrations 


indicated  in  the  legend.  Solid  diamonds-  doxorubicin  alone:  solid  squares-  doxorubicin 
mthe  presence  o^taraoxi^^  open  trianglas- doxoinbiem  with 

(10  jtld|  phis  tehandrine  (lOfd'd};  ei'Oss:;0§>  dbxdanbteifa  widiberbsm^ 
tetrandSne  pfl  JiM): 

ip^garej.  The  influence  of  tciraadrinb  anddftt^if^bttifec^qldxi^ 
towaixLs  nmitidmg  resUtantldG^^^  clode  10.3  cells.  Cett.ciabiti%  aftfer 

72  .hour,  deatmeriVi^idjdiflereiU  cdheenlpddhs  uf  :ddx0ru^  iii  diq;pmsertce;Of 

teha*’r'dnne  (TEK^  »r  tamoxifen  at  the  concenUn^  indicated  in  the  legend.  Solid 

diamonds-  doxofubiciii  alone;  solid  squatcs-  do.Xotiibieiji  in  the  piescnce  of  tamoxifen 
(1:0  jxl'd)tdpen  squares: --ddxOidbicin^^m  (2,5  t*l)ldpe:h 

triangies-  dOxotubicm  with  tetmndf in  e  (5;  OM,);  crosi  (x)  -  doxorubiein  with  tetrandrihe 
(to  pM), ;  Open  circles  -  doxoiUbiCin  vvidi  tetrandiiiie  (20  tdVl) 

Figare  fh  The-idflncuce  of  bedierine  and: hwhOXi^  on  thd  cytotoxicity  of  doXbrubicih 
towatds  inultidmg;  I'dsi^  olphe  10-3  /cells.  deW  ’•'Wbdit)'  was:detef tniaed  after 

72  kotn  treatment  wife  diftfciciGt  concentrations  of  doxonibiein  alone  or  in, the  :j^resenc'e^o 
■berberthd'(BE:R)'Of  .fafflOXifehnf.tftCcdncentrations.indiMMdin®^^ 

diamonds-  doxorabiOin  alOnei  spUd  squares-  doxortibiGi n  in  the  presence  of  tamoxifen 
|lb  pM)  t  :cross;(x)-  doxorabicin  with  berberine  (20  open  triang!e.s  doxombiciit 

with  berberine  (40  ttM) 


Figurt:  itfi  mlluenee  of  tdmbxifeii  aftd  bbiifljinitidns  of  ietf®  6erFbfffiO 

On  fKee)rt6toxldity^bfdo3idi^ieiii;fe[^Sttls  mOJrti#ug:i^ 

igell  vinbilify  #as  detensinod  jot^.  difi^nt  concentrations  of 

do^^otobicin  alone  or  tamoxifCTtl'O  d^f}orcotnbiaaftons  of  berberine 

aml  tetrandrine  at  the  concentrations  indicated  .^blid  dtftfttoiids- 

dojtOniliicIttalohdjSiViid  squares-  dbxQidMdinltt  the 

aolid  ttianglesr  doxoftibicih  with  betbetihof^^^^  bpen 

■bircles  -  dbxorhbi.cth  wdih  bcrbefine:,(l  O  fiM^.hltis  tetfaedrine  (1 0  filvQ 
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